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PREFACE. 


THE  claims  of  Chemistry  to  general  at- 
tention can  only  be  a subject  of  dispute 
with  those  who  are  unacquainted  with  its 
nature;  the  high  importance  of  the  facts 
it  exhibits  and  explains,  its  intimate  con- 
nection with  the  most  sublime  phenomena 
of  nature,  and  its  no  less  intimate  con- 
nection with  the  most  common  wants  of 
civilized  life,  conspire  to  place  it  in  the 
foremost  rank,  not  merely  of  curious,  but 
of  useful  sciences ; there  is  scarcely  an  art 
that  is  not  in  some  degree  indebted  to  it, 
and  many,  such  as  the  manufacture  of 
soap,  glass,  colours,  wines,  pottery,  to- 
gether with  the  processes  of  distilling, 
brewing,  dying,  bleaching,  &c.  8cc.  are 
almost  wholly  dependant  on  it;  the  im- 
portant science  of  agriculture,  so  necessary 
for  the  support  of  human  life,  and  that  of 
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medicine,  not  less  so  for  the  preservation 
of  health,  have  received  no  inconsider- 
able improvements  from  the  diffusion 
of  chemical  knowledge;  without  a cher 
mical  acquaintance  with  the  natures  of  the 
different  soils,  and  of  the  manures  that 
are  or  may  be  employed,  the  farmer, 
however  industrious,  and  otherwise  in-  ' 
telligent,  will  be  in  perpetual  uncertainty 
in  the  cultivation  of  his  land;  and  the 
physician,  without  a similar  knowledge 
of  the  agents  he  employs,  will  be  in 
danger  of  prescribing  medicines,  which, 
instead  of  assisting,  may  mutually  destroy 
each  other,  and  in  their  operation  prove 
poisonous,  rather  than  medicinal. 

Nor  is  it  merely  the  persons  who  are 
more  immediately  concerned  in  the  several 
occupations  already  instanced,  and  others 
that  might  be  instanced,  to  whom  an  ac- 
quaintance with  chemical  philosophy  is 
desirable,  it  is  so  to  every  person,  in  every 
rank  of  life,  not  to  our  own  sex  only,  but 
to  the  softer  sex  also,  in  their  several 
departments.  Who,  that  possesses  the 
slightest  knowledge  of  Chemistry,  can 
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witness,  for  instance,  the  long  train  of 
errors  discoverable  in  -the  first  lighting, 
and  subsequent  management,  of  a common 
fire,  without  wishing  that  our  females, 
whether  in  stations  supreme  or  subor- 
dinate, understood  a little  better  the 
theory  of  combustion?  did  they  but  know 
that  burning  and  combining  with  oxygen 
dfe  here  one  and  the  same  thing,  that  the  air 
alone  is  to  furnish  that  oxygen,  on  which 
the  burning  of  the  fire  must  absolutely 
depend,  and  that  no  part  of  the  coals  can 
possibly  burn  where  the  air  cannot  reach, 
they  would  not,  they  could  not,  think  of 
expeditiously  raising  a fire  by  overwhelm- 
ing it  with  coals;  the  poker  would  never 
be  employed  as  an  instrument  of  vengeance, 
but  only  with  a' view  to  open  a passage  for 
the  air  to  deposit  its  oxygen,  where  other- 
wise it  could  have  no  access.  Who  can 
reflect  on  the  inconveniences  which  ladies 
often  suffer  for  the  want  of  proper  water 
for  domestic  purposes,  and  not  wish  that 
they  were  so  far  Chemists  themselves  as 
to  know,  how  easily  hard  waters,  as  they 
are  called,  may  be  rendered  soft,  and  thus 
b 2 


VI 


PREFACE. 


fitted  for  the  use  of  the  kitchen,  the 
laundry,  or  the  brewery;  in  .short,  there  is 
scarcely  a domestic  operation,  from  the 
most  important  down  to  the  cleansing  a 
vial,  in  which  a knowledge  of  Chemistry 
may  not  be  usefully  applied.  It  must  be 
admitted  indeed  that  the  inconveniences 
stated,  may  be  in  great  measure  avoided 
by  persons  of  sagacity  and  observation, ^ 
without  becoming  acquainted  with  Che- 
mistry; it  may  be  said  that  a lady  may 
have  learned  from  observation  and  ex- 
perience, that  air  is  necessary  to  support 
her  fire,  without  ever  having  heard  of 
oxygen,  or  without  knowing  that  the  air 
is  a compound,  or  of  what  it  is  com- 
pounded— that  is  to  say,  a person  may  in 
many  instances  perform  an  operation  with 
success,  without  taking  the  trouble  to 
understand  it — a species  of  consolation  not 
very  reputable  to  an  intelligent  being. 
With  respect  to  our  own  sex,  who  are  at 
least  expected  to  possess  superior  informa- 
tion, surely,  in  the  pursuit  of  knowledge, 
those  objects  with  which  we  are  imme- 
diately surrounded,  and  on  which  our 
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health,  our  life  depend,  claim  our  first  at- 
tention ; nor  can  any  character  more  strange 
be  conceived,  than  that  of  a man  who 
should  travel  to  Greece  or  Rome  merely 
to  become  master  of  a language  differing 
from  his  own,  and  then  pique  himself  on 
his  learning,  while  at  the  same  time  he  is 
totally  unacquainted  with  the  nature  of 
the  air  he  breathes,  or  the  water  or  other, 
fluids  which  he  drinks,  and  sits  down  day 
after  day  at  his  fire  side,  without  at  all 
understanding  the  principle  on  which  that 
fire  burns. 

The  numerous  experiments  in  Chemistry 
are  unquestionably  among  the  most  enter- 
taining that  the  whole  circle  of  science  can 
exhibit,  and  even  in  a more  speculative 
point  of  view,  its  claims  are  by  no  means 
trifling;  its  pursuits  have  a natural  ten- 
dency to  withdraw  the  minds  of  youth 
from  trifling  or  dissipating  amusements* 
to  impress  them  with  just  ideas  of  the 
wisdom  and  goodness  of  the  Creator — they 
lead  to  patience  of  investigation,  to  ac- 
curacy of  discrimination,  and  to  justness 
■**  ef  conclusion. 
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In  France  the  importance  of  the  science, 
as  a material  branch  of  liberal  education, 
is  universally  acknowledged,  and  not 
many  years  have  elapsed  since  its  national 
importance  was  felt:  it  will  be  recollected, 
that  when  the  English  Ministry,  not  aware, 
as  it  should  seem,  of  the  resources  which 
Chemistry  would  furnish,  had  conceived 
the  hope  of  preventing  the  manufacture  of 
gunpowder  in  France,  by  stopping  the 
exportation  of  salt  petre  to  that  country, 
Chemistry  obtained  a complete  triumph 
over  political  sagacity,  and  France  was 
enabled  to  produce  salt  petre  in  abundance, 
by  means  which  had  never  entered  the 
minds  of  her  enemies;  what  Englishman 
will  not  feel  an  ardent  wish  that  his  country 
may  not  long  be  behind  her  rival  neigh- 
bours. 

It  seems  natural  to  enquire  by  what 
means  it  has  happened,  that  a science  so 
capable  of  affording  both  entertainment 
and  instruction,  should  have  been  so  long 
generally,  and  even  now  so  much,  neg- 
lected ? Among  the  reasons  that  may  be  as- 
signed, without  any  reflection  on  the  general 
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state  of  knowledge  in  our  own  country, 
are  the  following; — Until  within  these  few 
years,  Chemistry'  has  by  no  means  ex- 
hibited the  features  of  a regular  and  well 
connected  science;  its  facts,  though  strik- 
ing, were  mostly  of  an  insulated  nature, 
and  far  from  being  generally  understood, 
even  by  Philosophers  themselves;  while 
its  language,  the  offspring,  in  great  mea- 
sure, of  random  experiments,  long  con- 
tinued to  be  unmeaning,  and  perplexing 
beyond  any  thing  that  could  well  be 
imagined. 

Another  reason  assignable  for  the  slow 
progress  of  chemical  knowledge,  is  the 
general  want  of  apparatus  for  the  perform- 
ance of  experiments,  by  which  alone  it 
can  well  be  acquired ; every  one  is  aware 
that  something  of  this  kind  is  necessary, 
but  very  few  can  conceive  how  little  is 
absolutely  so. 

It  may  likewise  be  observed,  that  the 
terms  used  in  Chemistry  are  at  first  view 
discouraging,  several  of  these,  as  oxygen, 
hydrogen,  nitrogen,  are  foreign,  and  to 
an  English  ear,  harsh  and  unmeaning; 
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the  reader,  however,  may  be  assured  that 
these  hard  names  will  very  soon  become 
perfectly  familiar  to  him,  and  when  they 
are  become  so,  will  answer  their  intended 
purpose  full  as  well  as  more  common  ones 
would  have  done. 

General  ignorance  of  a subject  naturally 
involves  in  it  that  of  individual ; the 
master  of  almost  every  respectable  se- 
minary has  himself  learned  the  Latin  tongue 
in  his  youth,  and  is  therefore  disposed  to 
consider  it  as  a necessary  branch  of  educa- 
tion for  others,  and  consequently  recom- 
mends its  acquisition  to  the  parents  of  the 
youth  committed  to  bis  charge;  but  the 
advantages  of  Chemistry  he  has  never  ap- 
preciated, and  has  therefore  no  motive  to 
recommend  it  to  others;  and  the  generality, 
of  parents  themselves  are  in  a similar  pre- 
dicament, even  the  name  of  Chemistry  is 
to  some  forbidding,  being  too  often  con- 
ceived to  relate  merely  to  the  composition 
of  drugs  and  medicines,  consequently  not 
of  general  concern  to.  one  sex,  and  alto- 
gether uninteresting  to  the  other;  thus 
beheld  through  the  medium  of  prejudice* 
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and  misconception,  instead  of  a garden  of 
fruits  and  flowers,  the  imagination  sees 
nothing  but  a cheerless  desert. 

Scarcely  three  years  having  elapsed 
since  the  author  himself  was  totally  un- 
acquainted with  the  science  he  now  pre- 
sumes to  recommend,  the  difficulties  that 
attended  his  first  attempts  are  fresh  in 
recollection,  as  are  the  pleasures  naturally 
resulting  from  their  removal;  and  as  the 
greatest  discouragements  are  generally  felt 
at  first,  when  names  and  things  are  equally 
novel,  he  has  thought  that  some  service 
might  at  least  be  rendered  to  the  younger 
part  of  the  community,  by  an  attempt  to 
remove  or  lessen  some  of  those  difficulties 
which  invariably  present  themselves  to  the 
mind  of  a young  beginner,  by  furnishing 
him  with  a smaller,  a cheaper,  and,  if  pos- 
sible, an  easier  book  than  those  already 
published;  he  has,  in  consequence  of  the 
reception  which  other  attempts  have  met 
with,  been  induced  to  hope  that  he  pos- 
sesses at  least  the  talent  of  writing  or 
speaking  plainly — a talent  which  is  cer- 
tainly not  possessed  by  many  persons  of 
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far  superior  information,  and  which  is 
nevertheless  of  considerable  consequence 
in  the  explanation  of  philosophical  sub- 
jects. 

In  making  this  humble  attempt,  he  has 
no  temptation  to  depreciate  the  labours  of 
others,  on  the  contrary,  he  feels  a par- 
ticular pleasure  in  recommending  to  the 
fair  sex  the  sprightly  and  instructive 
“ Chemical  Conversations,”  or  to  those 
who  wish  for  a more  extensive  acquaint- 
ance with  Chemistry,  and  the  facts  con- 
nected with  it,  the  “Chemical  Catechism,” 
to  which,  for  his  first  information  on  a 
subject  he  now  highly  values,  the  author 
acknowledges  himself  considerably  in- 
debted; Henry’s  Epitome  may  on  many 
occasions  be  useful  to  the  practical  Chemist, 
and  Dr.  Thomson’s  work  cannot  fail  to 
be  valued  by  those  who  pursue  to  any 
extent  the  study  of  Chemistry,  not  only 
for  its  discussion  of  chemical  subjects  in 
general,  but  for  its  copious  account  of 
chemical  operations,  and  the  apparatus 
necessary  for  performing  them.  With 
respect  to  the  faults  in  the  composition  of 
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this  little  work,  he  has  only  to  say  that 
in  many  instances  it  was  more  easy  to 
discover  than  to  avoid  them,  consistent 
with  the  plan  proposed;  that  he  has  in- 
variably aimed  more  at  perspicuity  than 
elegance;  that  he  had  rather  repeat  an 
observation,  where  perhaps  it  may  not  be 
absolutely  wanting,  than  run  the  hazard 
of  omitting  one  where  it  is.  With  respect 
to  its  form,  the  advantages  attending  the 
catechetical,  for  the-instruction  of  young 
persons,  has  been  long  since  acknow- 
ledged; it  is  equally  calculated  to  awaken 
the  attention  and  to  impress,  without 
fatiguing  the  memory.  It  is  possible  in- 
deed, that  the  reader  may  find  some 
difficulty  in  ascertaining  who  are  the  dra- 
matis persona,  and  may  be  induced  to 
think  that  the  parts  are  not  always  well 
supported  this,  in  a novel  or  dramatic 
wiiter,  would  have  been  an  unpardonable 
fault,  but  in  the  present  case  it  is  fortu- 
nately of  small  consequence,  or  rather  it 
is  of  no  consequence  at  all,  for  whether 
the  dialogue  is  supposed  to  be  carried  on 
between  a master  and  his  scholar,  between 
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Mrs.  B.  and  her  two  fair  pupils,  as  in  the 
Chemical  Conversations,  or,  as  in  Mr. 
Parkes’  larger,  and  the  present  smaller 
work,  between  Messrs.  Nobody  or  any 
body,  in  either  case  every  one  knows  that 
the  information  or  entertainment  of  the 
reader  is  the  object  aimed  at — yes,  gentle 
reader,  it  is  for  thee  the  author  and  the 
printer  labours,  and  thy  approval  must  be 
considered  as  the  highest  reward  of  both; 
if  thou  art  unacquainted  with  Chemistry, 
some  Information  and  entertainment  may 
be  expected  from  the  perusal  of  this  small 
volume — if,  on  the  contrary,  thou  art 
already  familiar  with  all  it  contains,  accept 
the  congratulations  of  its  author,  and  put 
it  into  the  hands  of  some  less  informed 
friend  or  neighbour. 
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RUDIMENTS 


OF 

CHEMISTRY,  &c. 


CHAP.  I. 

ON  CHEMISTRY  IN  GENERAL . 

CALORIC,  LIGHT,  OXYGEN. 

What  is  the  design  of  Chemistry? 

The  design  of  Chemistry  is  to  explain  the  nature 
of  the  constituent  parts  of  bodies,  the  effects  that 
arise  from  their  various  combinations,  and  the  laws 
by  which  they  are  governed. 

How  are  bodies  usually  divided  by  Chemists? 

The  general  division  of  bodies  is  into  simple,  or 
elementary,  and  compound . 

What  do  you  mean  by  a compound  body  ? 

A body  is  said  to  be  a compound , when  it  is  made 
up  of  two  or  more  ingredients,  whether  formed  by 
nature,  or  produced  by  art  ; the  far  greater  number 
of  bodies  are  of  this  description,  and  most  of  them 
are  capable  of  being  divided  into  their  simple  or 
component  parts. 
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2 SIMPLE  BODIES. 

Then  by  a simple  substance , which  is  of  course 
opposed  to  a compound,  we  are  to  understand  a 
Substance  which  consists  of  only  one  ingredient ? 

Yes,  and  Chemists  have  agreed  to  consider  all 
those  bodies  as  simple , which  they  are  not  able  to 
divide  into  parts  of  a different  nature,  or  which  give 
no  signs  of  being  compounded. 

You  have  said  that  the  far  greater  number  of 
bodies  are  compound,  of  course  the  enumeration  of 
those  is  out  of  the  question;  can  you  state  how 
many  simple  substances  there  are  ? 

The  ancients  acknowledged  only  four  elements, 
or  simple  bodies,  air,  earth,  fire,  and  water. 
Modern  Chemists  have  proved  that  air  and  water 
are  compounds;  fire  appears  to  be  compounded  of 
caloric  and  light;  and,  instead  of  one , we  have 
now  a long  list  of  earths;  the  number  of  simple 
bodies,  at  present  known,  amounts  to  about  forty. 

Are  not  these  usually  divided  into  different 
classes ? 

It  has  been  usual  to  divide  them  into,  five  simple 
Combustibles , so  called  in  opposition  to  oils,  wax, 
&c.  which  are  compound,  and  in  distinction  from 
metals,  which  are  also  combustible,  but  which 
possess  properties  peculiar  to  themselves,  twenty-two 
Metals y and  ten  Earths,  together  w ith  three  bodies 
which  do  not  class  with  any  of  these,  or  with  each 
other,  but  which  will  be  found  to  act  most  important 
parts  in  the  greater  number  of  the  chemical  opera- 
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tions,  both  of  nature  and  art,  namely,  Caloric , Light r 
and  Oxygen. 

Are  not  the  alkalies  potass  and  soda  then  consi- 
dered as  simple  bodies ct 

They  have  been  always  allowed  to  hold  a place 
among  bodies  of  that  class,  until  the  late  bril- 
liant discoveries  of  Mr.  Davy,  though  they  have 
long  been  suspected  to  be  compounds,  and  Chemists 
have  often  flattered  themselves  that  they  were  on  the 
eve  of  discovering  their  real  nature;  that  honor  was 
reserved  for  the  diligence  and  penetration  of  th* 
gentleman  already  mentioned,  who  first  proved,  by 
experiments,  which  have  been  since  repeated  by  the 
first  Chemists  in  France  and  elsewhere,  that  they  are 
compounds , metallic  oxyds,  that  is,  metals  combined 
with  oxygen;  thus  has  that  illustrious  Philosopher 
proved,  what  would  hardly  have  been  expected,  that 
oxygen,  the  acknowledged  principle  of  acidity,  is 
the  principle  of  alkalescence  also. 

Since  it  is  usual , on  entering  on  the  study  of 
Chemistry , to  begin  with  the  examination  of  the 
simple  bodies — IV hat  do  Chemists  understand  by 
the  term  Caloric;  is  it  not  the  same  zcith  heat  ? 

It  has  been  usual  in  common  language  to  con- 
found, in  this  instance,  cause  and  effect;  when  near 
a fire,  we  feel  the  sensation  of  heat , and  we  very 
improperly  say,  the  fire  is  hot ; whereas,  says  the 
celebrated  Mr.  Locke,  heat  is  no  more  in  the  fire 
that  burns  us,  than  pain  is  in  the  needle  that  pricks 
us;  by  caloric , therefore,  Chemists  understand  that 
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extremely  subtile  fluid  which  is  dispersed  through  all 
nature,  is  capable  of  pervading  all  bodies,  and  which 
occasions  in  us  that  kind  of  sensation  which  we  term 
heat ; it  is  highly  elastic,  and  has  no  sensible  gravity. 

You  have  described  it  as  being  dispersed  through 
nature ; do  ice  and  other  cold  bodies  then  contain 
it? 

Yes,  all  bodies,  the  coldest  not  excepted,  contain 
a portion  of  caloric;  its  equilibrium,  like  that  of 
other  fluids,  may  be  destroyed,  which  is  the  case  in 
proportion  as  one  body  is  more  heated  than  another, 
but,  in  common  with  all  fluids,  it  possesses  this  pro- 
perty, that  whenever  its  equilibrium  is  destroyed, 
there  is  a constant  tendency  to  restore  it,  by  a com- 
munication of  caloric  from  the  hot  body  to  the  cold 
one ; hence,  if  red  hot  iron  and  ice  be  placed  in  the 
same  room,  they  will  both,  in  a short  time,  become 
of  the  same  temperature  with  each  other,  and  with 
the  air  of  the  room ; the  ice  acquiring , and  the 
iron  giving  out,  caloric. 

Does  caloric  pervade,  or  pass  through , all  bodies 
with  the  same  facility? 

No:  there  are  some  that  conduct  this  substance 
much  better  than  others,  as  may  be  easily  proved : 
u While  1 am  writing  (says  Dr.  Franklin  in  one  of 

a 

his  Letters)  part  of  my  hand  rests  on  the  green  cloth 
which  covers  my  desk,  and  part  on  the  lock;  but 
though  the  two  bodies  are  certainly  of  the  same 
temperature,  yet  that  part  of  my  hand  which  touches 
the  metal  feels  colder,  and  really  is  so,  than  that 
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which  rests  on  the  cloth,  because  the  metal,  being  a 
better  conductor,  carries  off  the  heat  of  my  hand 
more  rapidly  than  the  cloth,  and  thereby  renders  that 
part  of  the  hand  which  touches  it,  colder • than  the 
other. 

What  would  happen  if  a piece  of  metal  and  a 
piece  of  woollen  cloth  were  both  made  hotter  than 
the  hand ? 

Since  both  the  cloth  and  the  metal  would  be  dis- 
posed to  part  with  their  superabundant  caloric,  the 
metal,  being  the  best  conductor,  would  part  with  it 
the  most  readily , and  would  feel  hottest  to  the  hand, 
because  it  would  really  make  the  hand  so;  it  is  for 
this  reason,  that  when  we  have  been  standing  by  a 
lire,  our  cloaths  do  not  feel  particularly  hot,  while 
the  money  in  our  pockets  feels  almost  too  hot  to  be 
touched. 

What  is  the  most  general  effect  of  caloric  on  the 
different  bodies ? 

Its  most  general  effect  is  the  increase  of  their 
bulk  ; lienee^  if  a bar  of  iron  be  accurately  measured 
when  cold,  and  afterw  ards  heated , it  will  be  found, 
if  measured  again  while  hot,  to  have  increased  in 
length. 

Has  caloric  the  same  effect  on  fluid  bodies  as  on 
solids ? 

Yes,  but  in  a much  greater  degree,  their  particles 
being  more  easily  separated  from  each  other;  every 
one  who  understands  the  principle  on  which  the 
steam  engine  is  constructed,  must  be  aware  how 
B 3 


6 


CALORIC* 


much  the  bulk  of  water  is  increased,  when  con- 
verted into  steam  by  its  union  with  caloric;  and  if  a 
bladder  nearly  empty  be  closely  tied,  and  held  near 
the  fire,  the  small  quantity  of  air  contained  in  it  will 
be  so  expanded  as  presently  to  fill  the  whole  blad- 
der and  cause  it  to  burst  with  a loud  report. 

Is  the  fluidity  of  bodies  ozebig  to  the  caloric  they 
contain °( 

The  natural  condition  of  all  bodies,  caloric  ex- 
cepted, appears  to  be  that  of  a solid , their  fluidity 
is  owing  to  the  caloric  with  which  they  are  combined; 
thus  the  same  body  is  solid,  fluid,  or  aeriform,  accord- 
ing to  the  quantity  ofr  caloric  that  enters  into  its  com- 
position. Water  furnishes  a striking  instance  of  this ; 
when  below  the  temperature  of  32  degrees,  it  is  a solid, 
from  32  to  212,  a fluid,  and  when  raised  above  212' 
degrees,  it  becomes  an  invisible  vapour,  or  steam. 
Iron  and  other  metals,  hard  as  they  are  at  their  usual 
temperature,  yield  to  this  powerful  agent,  and  be- 
come fluid  as  water,  while  the  lightest  fluids,  even 
airs  or  gases,  by  being  dej  ived  of  their  caloric,  be- 
come solids;  there  are  scarcely  any  chemical  changes 
in  which  it  is  not,  directly  or  indirectly,  concerned, 
or  which  are  not  preceded,  accompanied,  or  fol- 
lowed by  a change  of  temperature.  It  performs 
many  important  operations  by  virtue  of  its  own  pro- 
perties, unassisted  by  any  other  agent,  and  where  the 
presence  of  another  is  required,  it  gives  additional 
energy  to  its  influence;  thus  salts,  though  generally 
soluble  in  cold  water , will  dissolve  more  rapidly, 
and  in  greater  quantity,  if  the  water  is  heated. 
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Are  not  some  bodies  disposed  to  receive  and  re- 
tain a greater  portion  of  caloric  than  others 'i 

Yes,  and  this  property  is  termed  by  Chemists, 
their  capacity  for  caloric. 

IIow  is  this  proved ? 

If  ice,  which  has  been  cooled  below  32  degrees, 
be  placed  before  a lire,  and  a thermometer  immersed 
in  it,  the  mercury  iu  the  themometer  will  immediately 
begin  to  sink,  and  will  not  rise  again  till  the  ice  has 
attained  the  heat  of  32  degrees,  though  it  must  have 
been  all  the  time  receiving  caloric  from  the  fire, 
which  proves  that  the  caloric  which  the  ice  has  re- 
ceived has  been  absorbed,  and  as  it  were  locked  up 
in  it;  the  caloric  thus  confined  has  been  termed 
latent , while  that  which  is  given  out  has  been 
called  radiant; , of  the  quantity  of  the  former  con- 
tained in  any  body  we  have  no  means  of  judging,  it 
is  the  latter  only  that  is,  or  can  be,  the  subject  of 
our  observation  or  experiment. 

What  is  the  nature  of  Light? 

With  light,  as  distinct  from  caloric,  we  are  very 
imperfectly  acquainted,  though  there  are  experiments 
which  seem  to  prove  that  it  is  a distinct  body;  thus 
Dr.  llersch^l  found  that  light  is  more  refrangible , 
that  is,  in  passing  through  a prism,  its  rays  are 
more  bent  from  their  original  direction;  plants, 
whatever  heat  may  be  given  them,  do  not  thrive 
if  the  light  is  excluded;  light,  without  sensible 
heal,  is  capable  of  decomposing  several  bodies,  its 
affinity  for  oxygen  being  sufliciently  strong  to  taJke  it 
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from  them;  hence,  if  oxygenized  muriatic  acid 
be  exposed  to  the  action  of- light,  it  will  be  de- 
prived of  a portion  of  its  oxygen,  and  be  changed  to 
common  muriatic  acid:  we  often  feel  much  heat 
w ithout  the  perception  of  light,  and,  on  the  contrary, 
the  light  of  the  moon,  though  concentrated  in  the 
focus  of  the  largest  lens,  is  not  accompanied  with 
any  sensible  heat.  Some  have  supposed  that  caloric 
and  light  are  connected  with  each  other,  as  cause 
and  effect ; but  which  to  consider  as  the  cause,  and 
which  as  the  effect,  is  still,  in  the  present  state  of 
our  knowledge,  an  insurmountable  difficulty;  perhaps 
at  a future  period  it  will  be  ascertained,  that  caloric 
and  light  (together  with  electricity,  which,  has  some- 
times been  thought  to  be  a distinct  body)  are  only 
different  modifications  of  the  same  substance. 

The  important  part  which  oxygen  also  acts  in 
the  cecononty  of  nature , and  in  chemical  operations r 
is  such , that  we  cannot , as  Dr.  Thomson  justly 
observes,  too  soon  become  acquainted  with  it. — 
What  then  is  Oxygen? 

It  is  understood  to  be  (what  its  name,  which  is 
derived  from  the  Greek,  and  signifies  the  generator 
of  acids,  imports)  the  universal  acidifying  principle; 
most  of  the  various  acids  have  been  proved,  and  the 
rest  are,  from  analogy,  supposed  to  be,  compounded 
of  oxygen  and  some  other  substance  termed  the  base, 
from  which  it  derives  its  name.  Thus  the  nitric 
acid  is  composed  of  nitrogen  and  oxygen,  the  sul- 
phuric of  sulphur  and  oxygen,  and  so  of  all  the  rest.. 
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Does  the  union  of  oxygen  with  another  body 
always  produce  an  acid ? 

No,  it  combines  with  different  bodies  in  various 
proportions;  when,  as  in  its  union  with  metals,  it 
combines  with  the  body  in  too  small  proportions  to 
produce  an  acid,  it  then  forms  what  is  called  an 
oxyd,  and  even  in  the  production  of  an  acid,  the 
proportions  are  not  always  the  same;  hence,  we  have 
sulphuric  and  sulphurous  acid,  which  differ  in  the 
proportions  of  oxygen  they  contain. 

Is  not  oxygen  a supporter  of  combustion? 

It  is  in  truth  the  only  supporter  of  combustion ; 
all  bodies,  whether  solid,  fluid  or  aeriform,  perform- 
ing that  office  only  by  imparting  to  the  burning  body 
the  oxygen  they  contain;  it  is  in  consequence  of 
this  principle,  that  the  air  of  our  atmosphere, 
not  only  supports  combustion,  but  contributes  to 
the  support  of  animal  life  also,  which  it  is  no  longer 
capable  of  doing,  when  deprived  of  it;  oxygen 
is  one  of  the  component  parts  of  water,  and  of  various 
other  bodies  of  vast  importance. 

Is  oxygen  found  alone , or'  combined  with  other 
bodies ? 

Though  in  itself  it  is  a simple  body,  yet  its  af- 
finity for  various  substances  is  so  strong,  that  we  no 
where  meet  with  it,  but  in  combination  with  other 
bodies;  the  purest  form,  in  which  wrC  can  obtain  it, 
is  that  of  gas,  in  which  it  is  combined  with  caloric, 
which  gives  it  that  form. 
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What  is  meant  by  a Gas? 

A fluid  which  is  permanently  elastic,  a kind  of 
air;  the  air  of  our  atmosphere  is  a gas,  or  rather  is 
composed  of  two  gases,  every  gas  is  composed  of 
two  substances,  caloric,  and  some  other  from  whence 
it  take  its  name;  it  is  in  consequence  of  its  union 
with  caloric,  that  it  continues  in  a gasious  state, 
instead  of  being  more  or  less  solid.  Van  Helmont 
was  the  first  who  gave  to  aeriform  fluids  the  name  of 
gas. 

How  is  oxygen  gas  obtained  for  experiments ? 

It  may  be  procured  from  a number  of  different 
substances:  Dr.  Priestley,  who  discovered  it  in 
England  about  the  time  that  the  celebrated  Scheele 
made  the  same  discovery  in  Sweden,  obtained  it 
from  the  red  precipitate  of  mercury,  and  from 
minium,  or  red  lead  ; it  may  be  obtained  from  nitrate 
of  potass,  called  salt  petre;  but  the  usual  and 
cheapest  method  of  preparing  it,  is  by  putting  some 
of  the  black  oxyd  of  manganese  into  a retort,  and 
heating  it  to  redness,  when  the  oxygen  gas  will  come 
over,  and  may  be  collected  under  water  in  the  usual 
way.  If  sulphuric  acid,  diluted  vv  ith  water,  be 
added  to  the  manganese,  a greater  quantity  of  gas 
comes  over,  and  with  less  heat. 

Can  it,  when  so  prepared , be  preserved  ? 

It  may  be  kept  for  any  length  of  time  in  common 
glass  bottles,  if  they  are  closely  corked , and  inverted 
with  their  mouths  under  water. 
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I oil  have  said  that  the  air  owes  its  salubrity , 
with  respect  to  animals,  and  its  power  of  support- 
ing combustion,  to  the  presence  of  oxygen;  cannot 
oxygen  gas  be  breathed  alone , and  zvould  it  not 
alone  support  combustion  ? 

\es;  when  so  breathed,  it  has  a very  exhilarating 
effect;  and  if  a wax  taper,  a common  brimstone 
match,  or  any  inflammable  substance,  is  put  into  it, 
it  burns  with  a brightness  much  greater  than  in 
common  air,  as  we  shall  see  when  we  come  to 
consider  the  nature  of  combustiop. 
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CHAP.  II. 

ON  SIMPLE  COMBUSTIBLES. 


U lIA T are  the  names  of  the  five  Simple  Qom- 
bustible  bodies  ? 

Sulphur,  Phosphorus,  Carbon,  Hydrogen,  and 
Nitrogen. 

What  is  the  nature  of  Sulphur  ? 

Sulphur,  or  Brimstone,  the  general  appearances 
of  which  are  familiar  to  every  one,  is  found  native 
in  various  parts  of  the  world,  it  was  of  course  very- 
early  known,  and,  as  far  back  as  the  time  of  1 liny, 
was  used  for  the  purpose  of  bleaching  wool  by  ex- 
posure to  its  fumes:  when  heated  to  185  degrees  it 
melts,  and  if  in  this  state  it  is  poured  into  water,  it 
becomes  of  a wax-like  consistence  ; impressions 
from  gems  have  been  taken  with  it  while  in  this 
state,  which  afterwards  become  perfectly  haid; 
they  are  of  a red  colour , and  in  some  respects  pre- 
ferable to  those  taken  with  sealing  wax. 

What  is  the  nature  of  that  poieder  termed 
flowers  of  sulphur  ? 

Precisely  the  same  as  roll  sulphur;  it  is  obtained  by 
heating  the  sulphur  to  the  temperature  of  170  degrees, 
when  it  rises  in  the  form  of  a fine  powder,  and  may 
be  collected  in  proper  vessels;  this  process,  which  is 
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a kind  of  dry  distillation,  is  called  sublimings  the 
ancients  seem  to  give  the  name  of flowers  to  all  the 
products  obtained  in  this  way;  hence,  the  terms 
flowers  of  sulphur , flowers  of  zinc , of  benzoin , &c. 

What  are  the  principal  combinations  of  sulphur? 

It  unites  with  alkalies , and  forms,  what  are  pro- 
perly called  sulphurets , but  on  account  of  their  re- 
sembling in  colour  the  liver  of  animals,  have, 
agreeable  to  the  absurdity  of  the  old  nomenclature, 
been  called  livers,  which  have  the  property  of  de- 
composing water;  it  is  used,  in  conjunction  with 
charcoal  and  salt  petre,  in  the  manufacture  of  gun- 
powder; it  is  capable,  like  phosphorus,  of  two  dis- 
tinct combustions,  a slow , and  a more  rapid  one, 
the  first  takes  place  at  the  temperature  of  about  150 
degrees,  and  emits  a light  so  faint  as  not  to  be 
visible,  except  in  a dark  place;  this  may  often  be 
seen  when  a brimstone  match  is  put  into  a fire  nearly 
extinguished,  or  among  coals  or  cinders  which  do 
not  retain  sufficient  heat  to  ignite  the  brimstone: 
the  other  kind  of  combustion  is  w ell  known,  and  is 
the  subject  of  continual  observation;  by  this  com- 
bustion sulphurous  acid,  to  be  hereafter  described, 
is  formed. 

Is  sulphur  used  in  medicine ? 

It  is  used  both  externally  and  internally,  and  by 
trituration  with  mercury,  forms  the  black  powder 
called  Ethiops  mineral,  which  has  been  used  with 
success  in  thp  cure  of  disorders  occasioned  by 
worms, 
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What  is  the  nature  of  Phosphorus? 

Phosphorus,  like  other  important  substances,  was 
discovered  by  accident,  in  the  year  1669,  its  dis- 
covery was  made  by  Brandt,  as  he  was  attempting 
to  distil  from  urine,  a fluid  that  should  convert  silver 
into  gold : it  was  for  a long  time  prepared  from 
urine,  but  the  process  was  both  tedious  and  offen- 
sive; it  is  now  made,  much  more  pleasantly  and  ex- 
peditiously, from  bones. 

If  phosphorus  is  a simple  or  uncompounded 
substance , hozc  can  it  be  said  with  propriety  to  be 
made'? 

It  is  a substance  so  exceedingly  combustible , or 
in  other  words,  has  such  an  affinity  for  oxygen,  that 
it  burns , though  slozcly , at  the  common  temperature 
of  the  atmosphere;  hence,  it  is  never  found  in  nature 
in  an  uncombined  state,  but  always  in  combination 
with,  at  least,  oxygen,  forming  phosphoric  acid; 
bones  contain  this  acid,  and  the  whole  process, 
which  may  be  seen  at  large  in  Dr.  Thomson,  Par- 
kinson, and  other  writers,  consists  in  separating  it 
from  its  oxygen,  and  changing  it  thereby  from  the 
condition  of  an  acid,  to  that  of  simple  phosphorus. 

What  are  its  principal  properties'? 

The  most  remarkable  is  its  great  inflammability; 
the  heat  of  the  human  body  is  sufficient  to  make  it 
take  fire,  when  it  burns  with  great  rapidity,  and 
brilliancy;  it  is  necessary  therefore  to  keep  it  in 
water,  and  not  to  handle  it,  unless  when  it  is  wetted 
or  held  in  a wet  cloth:  if  a small  piece  of  it  be 
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rubbed  between  two  pieces  of  brown  paper,  it  will 
take  fire;  it  combines  with  sulphur,  and  forms  a 
compound  so  inflammable,  that  a match  dipped  in 
it  instantly  takes  fire. 

This  compound  might  he  useful  zohen  a light  teas 
suddenly  required , as  in  the  night — How  is  it 
prepared ? 

By  mixing  together  in  a small  vial,  one  part  of 
flowers  of  sulphur,  with  eight  of  phosphorus,  using 
no  more  heat  than  is  just  necessary  to  combine 
them ; when  a light  is  wanted,  a match  is  dipped 
into  the  mixture  and  takes  fire,  or  if  it  fails  to  do  this 
immediately , which  is  liable  to  happen  after  the 
bottle  has  been  some  time  in  use,  it  will  take  fire  on 
rubbing  the  match  (after  dipping)  on  a piece  of 
cork. 

From  the  nature  of  this  substance , it  seems  to 
follow  that  many  amusing  experiments  may  be 
made  with  it — Can  you  describe  some  of  them? 

In  the  first  place,  any  characters  written  with  it, 
or  figures  drawn, .will  be  luminous  in  the  dark,  and 
will  appear  to  burn ; if  the  hand  be  rubbed  on 
them,  the  luminous  appearance  will  be  communi- 
cated to  the  hands  also,  and  from  thence  to  any 
other  part.  If  phosphorus  be  dissolved  in  boiling 
olive  oil,  a kind  of  liquid  fire  will  be  formed;  the 
hands  and  face  may  be  rubbed  with  it  very  safely, 
and  will  exhibit  a very  striking  appearance  in  the 
dark. 
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Is  any  peculiar  caution  necessary  in  preparing 
this  liquid  phosphorus? 

The  only  precaution  required  is,  to  take  care  that 
the  phosphorus  is  entirely  dissolved;  since,  if  any 
small  pieces  should  remain  undissolved,  they  would 
be  liable  to  take  fire  on  the  skin. 

Will  phosphorus  combine  with  any  other  sub- 
stances besides  sulphur? 

It  will  combine  wdth  lime,  and  with  it  form  a very 
curious  compound,  which  has  also  the  property  of 
decomposing  w'ater;  if  into  a glass  tube,  or,  which 
is  still  better,  a WedgwoodVearfAe»  one,  closed  at 
one  end,  a small  piece  of  phosphorus  is  put,  and  the 
remaining  part  of  the  tube  nearly  filled  with  small 
bits  of  lime,  and  loosely  stopped  with  paper,  if  that 
part  of  the  tube  which  contains  the  lime  be  heated 
until  the  lime  is  red  hot,  and  then  heat  applied  to 
the  phosphorus,  it  will  be  sublimed,  and,  combining 
with  the  lime,  form  phosphuret  of  lime;  when  a 
small  quantity  of  this  is  thrown  into  hot  water,  the 
water  if  decomposed,  and  its  hydrogen  uniting  with 
the  phosphorus,  forms  bubbles  of  phosphorated 
hydrogen  gas,  will  burst  and  take  fire  as  they  rise  to 
the  surface  of  the  water. 

Is  phosphorus  used  in  medicine? 

It  does  not  appear  to  have  been  used  in  England, 
but  in  France  it  has  been  given  in  small  quantities, 
and,  it  is  said,  with  great  success  in  cases  of  mortifi- 
cation : it  has  likewise  been  said  to  produce,  for  a 
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time,  a considerable  degree  of  muscular  energy, 
which,  however,  has  been  succeeded  by  a propor- 
tional degree  of  debility;  and  it  is  in  general  esteemed 
of  a poisonous  nature  when  taken  internally. 

What  is  the  nature  of  Carbon? 

When  any  kind  of  wood  is  heated  red  in  a vessel 
from  which  the  external  air  is  excluded,  and  kept 
in  that  state  for  some  time,  it  is  converted  into  the 
well  known  substance  called  charcoal;  it  is  com- 
pletely insoluble  in  water,  and  would  continue  under 
it  for  any  length  of  time  without  decaying;  it  re- 
mains unalterable  in  the  strongest  lire,  provided  the 
air  is  excluded.  It  is  not  liable  to  decay  or  rot , 
like  wood,  and  is  the  most  indestructible  sub- 
stance we  are  acquainted  with : incapable  of  putrifying 
itself,  it  prevents  or  corrects  putridity  in  other 
bodies. 

Might  not  this  singular  property  in  charcoal  be 
employed  to  advantage 

It  actually  is  so  in  many  instances ; charcoal,  when 
pounded,  makes  the  best  tooth-powder  known;  if 
meat  or  fish,  beginning  to  putrify,  is  boiled , or  even 
soaked  for  a time  in  water  containing  powdered 
charcoal,  the  decayed  parts  are  rendered  perfectly 
sweet;  on  the  same  principle,  putrid  water  becomes 
sweet  by  being  mixed  with  charcoal,  and  the  dis- 
agreeable taint  which  beer  casks,,  &c.  often  con- 
tract is  effectually  removed. 

Is  charcoal  then  to  be  considered  as  pure  carbon^ 

So  it  was  thought  to  be,  and  therefore  Lavoisier, 
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gave  it  that  name;  but  subsequent  experiments  have 
been  thought  to  prove,  that  charcoal  is  compounded 
of  carbon  and  oxygen,  or,  in  chemical  language,  is  an 
oxyd  of  carbon;  plumbago,  or  black  had , is  an 
oxyd  of  carbon,  though  supposed  to  contain  less 
oxygen  than  charcoal. 

Does  pure  carbon  then  no  where  exist  ? 

Yes,  pure  carbon  is  found,  where  perhaps  it 
would  least  have  been  expected,  in  the  diamond ; 
strange,  and  almost  incredible  as  it  may  appear,  no 
fact  can  be  established  on  more  solid  proofs,  than  is 
the  fact  that  those  two  substances,  charcoal  and 
diamond , so  widely  different  in  colour,  transparency, 
gravity,  hardness,  and  combustibility,  differ  only  in 
their  purity ; the  one  being  in  a simple  state,  the 
other  in  a state  of  impurity. 

A fact  so  directly  contrary  to  zvhat  zvould  be 
expected  from  a comparison  of  the  two  substances? 
require  proofs  of  a very  decisive  nature — Can  you 
state  on  what  grounds  this  identity  is  maintained  f 

The  experiments  made  to  ascertain  a point  of 
such  importance  have  been  numerous,  and  their 
results  conclusive;  some  of  the  principal  are  these;, 
they  are  both  completely  combustible , and  when 
burnt,  the  product  is  n.  joth  cases  carbonic  acid  gas, 
that  is,  cafbon  and  oxygen,  a given  weight  of  dia- 
mond yielding  the  same  quantity  of  carbonic  acid  as 
an  equal  weight  of  charcoal,  if  heated  never  so  much 
or  long,  provided  the  oxygen  is  excluded,  they  both 
remain  unaltered,  and  when  iron  is  heated  in  con- 
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•tact  with  charcoal  or  diamond,  they  both  disappear, 
and  the  iron  is  converted  into  steel,  which  is  a car- 
buret of  iron;  these  and  other  experiments,  when 
properly  considered,  are  sufficient  to  dispel  all  doubt 
of  the  truth  of  this  extraordinary  fact. 

If  such  be  reauy  the  fact,  dues  it  not  seem  to 
follow , that  diamonds  may  be  easily  produced  by 
art , since  we  are  so  well  acquainted  with  their 
nature;  we  have  only , as  in  the  making  of  phos- 
phorus, to  take  away  the  oxygen  from  charcoal, 
and  the  substance  remaining  will  be  diamond ? 

It  is  not  impossible  but  that  diamonds  may  here- 
after be  formed  by  art,  but  though  it  may  at  first 
sight  appear  much  easier  to  simplify  than  combine 
substances,  yet  it  is  often  in  .reality  much  more  dif- 
ficult; beside,  diamond  is  carbon  crystallized ; to 
form  perfect  crystals  of  many  other  substances  is 
often,  even  when  we  do  succeed,  a difficult  and  slow) 
process,  and  what  length  of  time , even  nature  her- 
self may  require,  to  form  those  crystals  called  dia- 
monds, we  are  yet  ignorant. 

Admitting  the  difficulty  of  forming  diamonds 
by  art  to  be  accounted  for,  does  it  not  seem  strange , 
that  pure  carbon  is  so  seldom  found  in  nature,  when 
its  oxyds  are  so  common  ? 

Mr  Parkes,  in  his  Chemical  Catechism,  has 
answered  this  very  natural  question;  he  remarks 
that  “ aluminous  earth  is  likew  ise  one  of  the  com- 
monest substances,  though  the  adamantine  spar,  no 
less  rare  than  the  diamond,  is  nevertheless  alumine; 


HYDROGEN. 


£0 

that  iron  exists  every  where , under  every  form,  ex- 
cepting in  the  state  of  purity,  and  that  the  existence 
of  native  iron  is  still  doubtful,”  many  are  decidedly 
of  opinion  that  no  such  thing  has ‘ever  yet  been 
found. 

Have  these  conclusions  respecting  the  nature  of 
the  two  bodies,  diamond  and  charcoal,  been  con- 
firmed by  the  most  recent  experiments ? 

So  far  as  relates  to  the  identity  of  the  two  sub- 
stances, they  have  been  amply  confirmed  by  the 
very  accurate  experiments  of  Mr.  Davy,  together 
with  those  of  Messrs.  Alien  and  Pepy’s ; but,  from 
the  fact  that  charcoal  requires  as  much  oxygen  for 
its  combustion  as  diamond,  it  is  inferred  by  the  latter 
gentlemen,  that  charcoal  is  not,  as  all  Chemists 
until  now  had  concluded,  an  ox  yd  of  carbon  or  dia- 
mond, but  carbon  itself,  and  that  those  two  sub- 
stances differ  only  from  each  other  “ in  the  state  of 
the  aggregation  of  their  particles.”  Mr.  Davy,  how- 
ever, thinks  that  charcoal,  though  principally  carbon, 
may  be  (c  a very  'compounded  substance.”  How 
many  more  diamonds  may  be  consumed  before  this 
question  is  finally  set  at  rest,  is  difficult  to  say. 

What  is  the  nature  of  Hydrogen? 

Though  hy  drogen  itself  is  considered  as  a simple 
body,  yet  we  are  never  able  to  obtain  it  in  an  un- 
compounded  state;  the  most  simple  form  in  which 
we  can  examine  it,  is  that  of  gas,  in  which  it  is  com- 
bined with  caloric;  in  this  state  it  is,  according  to  its 
purity,  from  eleven  to  thirteen  times  lighter  than 
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atmospheric  air;  it  is  not  absorbed  by  water,  of 
which  it  is  one  of  the  constituent  parts;  it  is  very  in- 
flammable, and  when  mixed  with  oxygen  gas,  or 
atmospheric  air,  it  explodes,  and  water  is  formed ; 
it  is  the  peculiar  property  of  this  gas  to  bum  wdth 
flame , the  flames  of  lamps,  candles,  torches,  &c. 
are  all  ow  ing  to  the  combustion  of  hydrogen  gas, 
as  well  as  that  in  our  common  fires;  it  is  not  respira- 
tive,  and  a candle  plunged  into  it  is  immediately 
extinguished. 

How  is  this  gas  obtained ? 

It  may  be  obtained  from  different  substances:  it 
enters  into  the  composition  of  oils^  rosins,  and  vege- 
tables in  general;  it  is  exhaled  during  the  put  r if  ac- 
tion of  bodies ; it  may  b*e  collected  from  stagnant 
muddy  water ;,  it  has  long  been  known  in  mines  by 
the  name  of  the  fire  damp ; but  from  w hatever  it  is 
obtained,  it  is  always  in  consequence  of  the  decom- 
position of  water.  The  most  ready  way  to  procure 
it  is  by  a direct  decomposition  of  that  fluid,  by  pre- 
senting to  it  some  substance  capable  of  abstracting 
its  oxygen ; if  a red  hot  poker  be  plunged  into  water, 
the  iron  seizes  a part  of  the  oxygen  of  the  water, 
bubbles  of  air  rise,' which,  if  caught  and  examined, 
will  be  found  to  be  hydrogen  gas;  but  this,  though 
a very  simple , is  rather  a tedious  way  of  procuring 
it;  it  is  therefore  in  general  procured  by  pouring 
diluted  sulphuric  acid  on  iron,  or  zinc  filings,  as  w ill 
be  described  when  we  come  to  speak  of  water:  it 
has  the  property  of  dissolving  and  holding  in  solu- 
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tion  several  substances,,  as  phosphorus,  sulphur,  and 
carbon,  hence  the  sulphurated  hydrogen,  which 
impregnates  the  Harrowgate  waters,  phosphorated 
hydrogen,  &c.  it  is  owing  to  the  different  sub- 
stances held  in  solution  by  this  gas,  that  its  ilaure 
is  differently  coloured. 

How  is  that  gas  procured  by  which  it  has  lately 
been  proposed  to  light  our  public  streets , <Sfc.  f 

It  is  obtained  from  pit  coal,  by  exposing  it  to  a 
red  heat  in  a close  vessel ; any  coal  may  be  used  for 
this  purpose,  but  that  called  Cannel coal  affords  the 
purest  light,  the  gas  as  it  rises  is  mixed  with  a pe- 
culiar kind  of  tar,  which,  together  with  the  gas,  is 
of  a very  offensive  smell ; in  passing  through  water, 
or  even  by  standing  over  it  the  greater  part  of  the 
tar  is  deposited,  and  the  gas,  comparatively  pure,  is 
conveyed  by  pipes  to  the  several  places  where  it  is 
to  be  consumed;  this  gas  is  called  carburetted  hy- 
drogen, from  its  holding  a portion  of  charcoal  in 
solution. 

Is  not  this  plan  an  economical  one  ? 

The  very  offensive  odour  of  this  gas  if  it  escapes 
unburnt,  and  the  very  great  difficulty  (as  may  easily 
be  conceived)  of  conffning  a gas  so  much  more 
subtile  than  common  air,  renders  the  apparatus , if 
properly  constructed,  very  expensive ; otherwise 
the  gas  itself  is  procured  at  a small  expence ; two 
peeks  of  coals  would  yield  a sufficient  quantity  of 
gas  to  support  above  forty  flames  for  four  hours, 
and  produce  an  effect  not  to  be  produced  in  any 
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other  way,  and  when  the  gas  is  all  extricated,  if  any 
but  tiie  Cannel  coal  is  used,  there  remains  a quan- 
tity of  excellent  coak,  one  half  of  which  is  sufficient 
to  supply  the  fire  for  the  ensuing  evening. 

Does  it  then  appear  probable  that  this  mode  of 
illumination  zvill  ever  be  brought  into  general 
use ? 

By  no  means,  it  may  answer  very  well  in  parti- 
cular instances,  as  in  large  manufactories,  &c.  but  so 
many  and  so  great  are  the  objections  to  its  general 
use,  and  so  great  the  mischiefs  that  would  follow 
even  an  attempt  of  that  nature,  thiat  no  disinterested 
person  who  has  considered  the  subject,  and  whose 
experiments  have  qualified  him  to  judge  of  it,  can 
admit  even  the  possibility  of  success  in  any  attempt 
to  bring  it  into  general  use ; the  countenance  that  has 
been  given  to  proposals  of  this  nature,  only  serve  to 
shew  how  easily  we  Englishmen  are  imposed  on, 
and  how  perfectly  aware  of  this  circumstance,  are 
foreigners  in  general. 

IVhat  is  the  nature  of  Nitrogen? 

Nitrogen,  like  oxygen,  hydrogen,  and  other  sub- 
stances, is  only  met  with  in  combination,  its  mo^t 
simple  state  being  that  of  gas,  it  enters  into  the 
composition  of  animal  and  vegetable  bodies;  it  is, 
as  its  name  implies,  the  basis  of  the  nitric  acid,  it 
was  formerly  called  azote,  it  is  a component  part  of 
atmospheric  air,  of  which  it  forms  more  than  two- 
thirds,  it  will  not  support  flame;  it  is  in  certain  cases 
capable  of  combustion,  and  is  therefore  ranked 
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among  the  simple  combustible  bodies,  though  it 
cannot  be  burnt  in  the  common  way  like  hydrogen 
gas;  it  is  not  respirable  alone,  but  it  answers, 
among  others,  the  most  important  purpose  of  di- 
luting the  oxygen  gas  of  the  atmosphere,  and 
rendering  it  more  fit  for  respiration,  &c.  than  it 
would  be  alone.  It  may  be  prepared  by  putting 
a quantity  of  iron  filings  and  sulphur  moistened 
with  water,  into  a glass  vessel  full  of  air,  in  the 
course  of  a few  days  all  the  oxygen  will  be  ab- 
sorbed and  the  remainder  will  be  pure  nitrogen 
gas,  the  properties  of  which  will  be  more  fully 
considered  when  we  come  to  speak  of  the  com- 
position of  atmospheric  air. 
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IT  has  been  stated  that  the  metals , exclusive  of 
those  recently  discovered , amounted  to  tzcenty-tzvo, 
JVhat  are  their  names? 

Gold,  Silver*  Platina*  Mercury*  Copper*  Iron, 
Tin*  Lead*  Nickell,  Zinc,  Bismuth*  Antimony*  Tel- 
lurium* Arsenic,  Cobalt*  Manganese,  Tungstein, 
Molybdenum,  Uranium,  Titanium*  Chromium,  and 
Columbium;  these  differ  very  much  in  their  pro- 
perties* and  in  their  importance  to  society  and  to 
the  arts;  some  of  them  being  absolutely  necessary  to 
our  comfort*  if  not  our  existence*  while  others  at 
present  are  little  more  than  chemical  curiosities;  it 
is  perhaps  proper  to  remark,  that  of  this  list  only 
the  first  seven  were  by  the  ancients  admitted  as 
metals>  though  they  were  acquainted  with  several 
substances,  the  analysis  of  which  has  increased  our 
catalogue  of  metals. 

Is  not  the  knozvlcdge  of  metals  and  their  pro- 
perties of  considerable  importance  in  Chemistry? 

An  acquaintance  w’ith  the  properties  of  metals  is 
certainly  of  importance  to  every  Chemist;  they  are 
combustible  bodies*  and  combustion  is  a chemical 
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process,  they  form  various  chemical  compounds , 
which  exhibit  singular  properties,  and  thus  become 
highly  interesting,  though  the  various  methods  of 
separating  them  from  the  substances  with  which  they 
are  mixed  in  the  mine,  as  well  as  the  art  of  deter-  * 
mining  what  those  mixtures  contain,  is  indeed  rather 
considered  as  belonging  to  the  minerallogist,  and 
certainly  do  not  come  under  general  observation. 

Is  that  branch  of  Chemistry  termed  Metallurgy 
as  much  studied  as  formerly  ? 

The  properties  of  metals  are  much  better  under- 
stood by  the  moderns,  than  they  wfere  by  the  ancients, 
but  it  must  be  remembered,  that  the  Alchymists 
were  the  fathers  of  Chemistry,  and  their  grand  ob- 
ject being  the  production  of  gold , their  attention 
became  almost  wholly  engrossed  by  the  metals; 
these  they  tortured  in  all  the  ways  that  science  could 
direct,  or  imagination  suggest;  but  these  delusions 
being  happily  at  an  end,  the  study  of  metals  is  no 
longer  the  exclusive  object  of  chemical  research; 
this  branch  of  the  science  may  therefore  be  said  to 
have  found  its  level. 

What  are  the  properties  by  which  metals  are 
distinguished  from  other  bodies ? 

The  properties  formerly  ascribed  to  metals,  and 
by  which  they  were  said  to  be  distinguished  from 
other  bodies,  were  these;  a lustre , so  peculiar  to 
themselves,  as  to  be  termed  metallic-lustre ; a gra- 
vity superior  to  all  other  bodies;  opacity ; fusibility, 
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or  the  property  of  melting  in  the  fire;  and  mallea- 
bility, or  capacity  of  extension  by  hammering;  but 
in  many  of  these  properties  they  differ  as  widely  from 
each  other,  as  they  do  from  other  bodies,  several  of 
them  are  not  at  all  malleable;  they  are,  it  is  true,  alt 
fusible , and  so  is  ice,  wax,  and  many  other  things 
which  do  not  class  with  metals,  and  there  is  even  in 
this  respect,  a very  wide  difference  between  platina, 
which  requires  the  strongest  possible  heat  to  melt 
it,  and  mercury,  which  is  not  only  fluid  in  the  com- 
mon temperature  of  our  atmosphere,  but  continues 
so  in  a degree  of  cold,  much  below  that  at  which 
water  itself  becomes  solid. 

But  is  not  their  gravity  much  superior  to  all 
other  bodies , and  is  not  this  therefore  a proper 
distinction  ? 

When  the  number  of  metals  known  amounted  to 
seven  only,  it  undoubtedly  was,  for  tin,  the  lightest 
'of  these,  is  nearly  twice  as  heavy  as  barytes , the 
heaviest  of  all  earthy  bodies ; but  since  the  intro- 
duction of  the  new  metals,  now  admitted  into  all 
the  Systems  of  Chemistry,  the  gradation  has  been 
much  more  considerable ; arsenic,  one  of  those 
metals,  is  only  about  one  fifth  heavier  than  barytes* 
but  platina  is  four  times  as  heavy  as  arsenic,  and 
potassium  and  sodium  are  so  much  lighter  than  even 
the  lightest  of  all  the  earths,  that  they  sjcim,  not  only 
on  zcater,  but  on  oil,  that  distinction  therefore, 
though  hitherto  admitted,  must  now  be  given  upr 
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their  lustre  and  opacity  seem  to  be  almost  all  the 
distinctions  remaining,  and  even  in  these,  some  of 
them  are  closely  imitated  by  other  bodies. 

What  are  the  principal  properties  of  Gold  ? 

There  is,  of  course,  no  metal  better  known,  or  its 
properties  better  understood,  than  this;  until  the  disr 
cftvery  of  platina,  it  was  considered  as  the  heaviest 
of  all  the  metals;  its  general  appearance  is  too  well 
known  to  need  describing,  it  is  malleable  in  a very 
great  degree,  a single  grain  of  gold  may  be  beaten 
out  to  cover  fifty-seven  square  inches,  and  an  ounce 
of  gold  on  silver  wire  may  be  extended  tQ  the  length 
of  1300  miles.  Dr.  Black  has  made  a curious  cal- 
culation on  this  subject,  he  says  it  would  take  four- 
teen millions  of  those  films  of  gold,  that  cover  fine 
silver  wire,  to  make  up  the  thickness  of  one  inch r 
while  an  equal  number  of  common  sheets  of  paper 
would  amount  in  thickness  to  three  quarters  of  a 
mile.  It  is  liot  very  difficult  to  melt,  but  it  is' so 
fixed , as  the  term  is,  that  though  it  has  been  kept 
for  months  in  a glass-house  furnance,  it  has  re- 
mained unaltered. 

Does  gold  combine  with  other  metals  ? 

Yes,  with  most  of  them,  but  it  has  the  strongest 
-affinity  for  mercury,  with  which  it  combines  very 
readily;  the  gilders  of  metals  avail  themselves  of 
this  property,  they  form  an  amalgam,  or  paste,  with 
gold  and  mercury,  which  they  spread  on  the  pieces- 
to  bo  gilt,  they  then  expose  them  to  a certain  degree* 
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of  heat,  which  evaporates  the  mercury,  and  leaves 
the  gold  behind ; in  this  manner  the  brass  plates  and 
wheels,  which  compose  the  inside  of  a watch,  are 
gilt. 

Is  gold  soluble  in  acids? 

No  common  acid  has  any  effect  on  it,  but  aqua 
regia,  as  it  has  been  called,  which  is  compounded  of 
two  acids,  nitric  and  muriatic,  and  thence  termed 
the  nitro-muriatic,  readily  dissolves  it,  so  does  the 
oxygenized  muriatic,  which  contains  a very  consi- 
derable quantity  of  oxygen,  and  holds  it  by  a slight 
affinity. 

lias  not  a solution  of  gold  been  employed  for 
the  purpose  of  preserving  the  surfaces  of  other 
metals? 

Yes,  by  putting  some  ether  into > a solution  of 
muriate  of  gold,  the  gold  will,  be  made  to  combine 
with  the  ether,  and  float  on  the  surface;  this  ethereal- 
gold  has  been  employed  by  some  curious  surgeon's 
instrument  makers  to  defend  their  instruments  from 
the  oxygen  of  the  atmosphere,  that  is,  to  keep  them 
from  becoming  rusty ; this  preparation  w7as  formerly 
used  in  medicine,  and  wonderful  virtues  were  as- 
cribed to  it,  which  are  now7  justly  held  in  ridicule. 

What  are  the  properties:  of  Silver? 

Silver  appears  to  have  been  known  as  early  as 
gold;  in  the  writings  of  Moses  they  are  mentioned 
together , as  constituting  part  of  Abraham’s  wealth, 
and  this  is  the  first  proof  that  occurs  of  their  being 
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used,  or  even  known;  in  its  gravity  it  is  inferior  to 
mercury,  gold,  and  platina;  in  its  fixedness  in  the 
fire,  and  its  malleability,  it  yields  only  to  the  two 
latter,  to  which,  in  these  respects,  it  is  inferior;  it. 
combines  with  sulphur  and  phosphorus,  and  with 
most  of  the  metals. 

Is  silver  soluble  in  acids? 

Yes,  it  unites  very  readily  with  the  three  principal1, 
and  with  them  forms  the  nitrate,  sulphate,  and  mu- 
riate of  silver ; on  account  of  the  strong  affinity  of 
silver  for  the  muriatic  acid,  these  two  substances 
are  employed  as  tests  for  each  other,  for  they  will* 
detach  each  other  from  all  the  substances  with  which 
they  may  be  combined  ; thus,  if  a few  drops  of  the 
nitrate  of  silver  are  put  into  any  solution  containing 
muriatic  acid,  a muriate  of  silver  will  be  formed, 
which  being  an  insoluble  compound,  will  be  preci- 
pitated, and  become  visible  in  the  solution. 

Has  nitrate  of  silver  been  employed  in  any 
ether  way  than  as  a test? 

Yes;  for  though  nitrous  acid  stains  the  skin  of  its 
own  colour,  yellow , and  though  silver  is  a zvhite' 
metal,  and  its  solution  co  our  less,  yet  it  stains  the 
skin  black,  or  a dark  brownish  purple,  approaching' 
to  black,  it  has  therefore  been  used  for  the  purpose 
of  blackening  human  hair,  for  staining  marble  and 
other  substances,  and,  with  the  addition  of  a little' 
gum,  as  permanent  ink  for  marking  linen  with  a 
pen. 
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What  are  the  properties  of  Platina? 

Platina  was  not  known,  at  least  not  as  a distinct 
metal,  until  1752:  its  colour  is  that  of  silver,  but 
with  less  brilliancy,  it  is  by  far  the  heaviest  of  metals, 
and  the  most  difficult  of  fusion,  as  it  cannot  be 
melted,  when  pure,  by  any  furnace;  it  possesses,  in 
common  with  iron,  the  extraordinary  property  of 
being  joined,  or  zvelded,  as  it  is  called,  by  hammer- 
ing two  pieces  together,  when  heated  to  whiteness; 
it  may  he  melted  by  a large  voltaic  battery;  it  is  not 
affected  by  any  acid  but  the  nitro-nmriatic ; its  indes- 
tructible nature  would  render  it  of  very  extensive 
use,  especially  to  Chemists,  if  it  could  be  procured 
in  large  quantities,  and  at  a reasonable  expence. 

What  are  the  properties  of  Mercury? 

Mercury,  or  Quick-silver,  is  one  of  the  metals 
anciently  known,  and,  from  its  resemblance  to  gold 
in  point  of  gravity,  was  frequently  the  subject  of 
experiment  with  the  Alchymists;  it  is  found  in  large 
quantities  in  several  parts  of  the  world,  particularly 
in  Spain,  Germany,  and  Peru,  at  the  iatter  of  which 
places  many  thousands  of  persons,  employed  in 
raising  it,  are  buried  under  ground,  and  never  suf- 
fered to  enjoy  the  light  of  the  Min:  it  is  heavier  than 
all  the  metals*  except  gold  and  platina;  it  is  the  only 
one  that  is  not  combustible ; it  is  always  in  a fluid 
state  at  the  temperature  of  our  atmosphere,  but  it 
becomes  solid  at  a certain  degree  of  cold,  viz,  near 
70  degrees  below  the  freezing  point,  when  it  may. 
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like  the  other  metals,  be  extended  by  the  hammer 
into  plates;  it  is  so  volatile,  that  it  may  be  distilled 
from  one  vessel  to  another,  lik£  any  other  fluid  body, 
and  if  exposed  to  600  degrees  of  heat  in  the  open  air, 
it  rises  like  water  in  steam,  and  though  this  property 
renders  it,  as  before  observed,  very  useful  in  the 
gilding  of  metals,  yet  it  proves  very  prejudicial  to 
the  workmen,  who  inhale  it;  hence,  the  watch 
gilders  and  others  are  most  dreadfully  afflicted  with 
paralytic  affections,  notwithstanding  the  means  used 
by  the  more  benevolent  part  of  their  employers  to 
prevent  it. 

Do  the  acids  act  on  this  metal t 

Tire  muriatic  acid  has  no  direct  action  on  it, 
though  it  may  be  combined  with  it  by  means  of 
the  sulphuric  acid,  when  it  forms  the  corrosive  sub- 
limate of  the  shops;  the  nitric  acid  dissolves  it 
readily,  and  when  precipitated  from  this  solution, 
by  alcohol,  or  spirit  of  wine,  it  forms  the  fulminating 
mercury  of  Howard. 

What  are  the  principal  uses  of  mercury  ct 

Besides  its  uses  in  forming  an  amalgam  with 
gold  for  gilding  metals,  it  likewise  forms  an  amalgam 
with  tin  foil,  for  silvering  looking  glasses.  It  is  of 
very  extensive  use  in  medicine;  triturated  with  sul- 
phur ; it  forms  ethiops  mineral,  the  corrosive  sub- 
limate, before  mentioned,  forms,  with  an  addition  of 
mercury,  the  famous  medicine  called  calomel,  now 
become  almost  the  right  hand  of  every  medical  man  °r. 
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there  are  likewise  the  red  and  white  precipitates  of 
mercury;  when  melted  with  sulphur,  and  sublimed, 
a 'red  sulphuret  is  formed,  called  cinnabar , which, 
when  reduced  to  powder,  is  the  beautiful  red  paint 
called  Vermillion . 

What  arc  the  properties  of  Copper? 

The  general  appearances  of  this  metal  are  well 
known;  its  gravity  is  considerably  less  than  that  of 
silver,  being  nearly  in  the  proportion  of  eight  to  ten. 

It  appears  from  the  W'orks  of  Homer  to  have  been  " " £ 

known,  and  in  use,  as  early  as  the  Trogan  war;  be- 
fore the  use  of  iron,  all  edge-tools  and  instruments 
of  wrar  wrere  made  of  a mixture  of  this  metal  with 
tin,  which  is  very  hard;  in  malleability  it  is  next  to 
gold,  and  may  be  beaten  into  very  thin  leaves;  what 
is  called  Dutch  gold  is  made  by  gilding  a plate  of 
copper,  and  then  beating  it  out  into  leaves. 

Have  the  acids  in  general  any  action  on  copper? 

Yes,  the  nitric  acid,  by  its  union  with  this  metal, 
forms  the  nitrate  of  copper,  and  this  salt,  when 
combined  w7ith  carbonate  of  lime,  produces  that  fine 
colour  called  blue  verditer;  the  sulphuric  produces 
w hat  is  called  Roman,  or  blue  vitriol,  but  more  pro- 
perly sulphate  of  copper;  by  exposure  to  the 
fumes  of  vinegar,  or  acetous  acid,  copper  is  con- 
verted into  verdegris,  or  oxvd  of  copper,  and  the 
green  colour  called  mineral  green,  is  a muriate  of 
copper,  formed  by  the  action  of  the  muriatic  acid 
on  that  metal ; if  a piece  of  clean  iron  or  steel  be 
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dipped  into  a solution  of  sulphate  of  copper,  its 
whole  surface  will  be  so  completely  covered,  that  it 
will  appear  as  if  turned  into  copper ; if  the  tin  or 
pewter  solder,  with  which  brass  candlesticks,  &c. 
are  often  repaired,  be  rubbed  with  moistened  sul- 
phate of  copper,  its  surface  will  likewise  assume  an 
appearance  of  copper. 

Of  what  further  uses  is  this  metals 

Its  other  uses  are  very  numerous,  it  combines  with 
several  metals;  a small  quantity  mixed  with  gold 
gives  that  degree  of  hardness,  without  which  that 
noble  metal  would  be  of  comparatively  little  use; 
with  different  proportions  of  tin,  it  forms  a con> 
pound  of  any  given  colour,  from  the  deep  red  of  the 
one,  to  the  w hite  of  the  other ; in  combination  with 
zinc,  it  forms  brass,  bell  metal,  cannon  metal,  and 
various  other  useful  compounds;  its  mixtures  in- 
crease in  hardness  in  proportion  to  the  quantity  of 
tin  which  they  contain,  but  they  become  in  propor- 
tion brittle  also;  that  brilliant  white  metal,  of  which 
the  specula  of  reflecting  telescopes  are  made,  is  a 
mixture  of  nearly  two  parts  of  copper,  to  one  of  tin, 
it  is  very  hard,  but  so  exceedingly  brittle,  that,  if 
cold  water  be  poured  upon  it,  when  it  is  only  a 
little  warmed  by  the  hands  of  the  workman,  it  will 
instantly  bieak. 

Is  copper  at  all  used  in  medicine ? 

No,  all  its  preparations  are  of  a very  poisonous 
nature,  and  hence  the  conduct  of  those  persons  can 
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hardly  be  too  severely  censured , or  even  punished , 
who  not  only  neglect  to  keep  copper  cooking  vessels 
clearly  but  who  frequently  make  use  of  this  poisonous 
metal  to  give  their  pickles  and  other  things  a fine 
green  colour.  Mr.  Parkes  relates,  from  the  Me- 
dical Transactions,  an  instance  of  a young  lady,  who, 
during  the  time  her  hair  was  dressing,  had  amused 
herself  with  eating  samphire  pickle,  coloured  in  this 
way,  and  who  paid  for  it  with  her  life;  this  is  only 
one  instance,  among  many  which  might  be  given,  of 
the  sad  effects  of  such  a practice,  which  is  the  more 
unpardonable,  because  entirely  unnecessary ; surely 
a person’s  life  is  not  to  be  thus  put  in  competition 
with  the  colour  of  a pickle! 
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CHAP.  IV, 

METALS  CONTINUED. 


What  are  the  properties  of  Iron  ? 

Iron,  which  happily  is  the  most  abundant , is  also 
by  far  the  most  useful  metal,  it  is  indeed  by  the  use 
of  this  that  all  the  others  are  procured  and  fitted  for 
our  use;  though  seldom,  if  ever,  found  native , or  in 
a pure  state,  yet  in  its  combinations  it  is  almost 
every  where  present  under  some  form,  in  stones,  in 
red  earthen  ware,  in  plants,  in  animals:  though  it 
does  not  appear  to  have  been  in  use  so  early  as  gold 
and  silver,  yet  that  it  was  so  in  the  time  of  Moses  is 
indisputable,  from  his  frequent  mention  of  it,  and 
it  was  probably  known  much  earlier;  in  its  specific 
gravity  it  is  inferior  to  copper;  it  is  malleable  when 
cold,  but  more  so  when  red  hot , in  which  state  it  is 
easily  hammered  into  any  form;  it  is  the  only  metal, 
except  platina,  which  is  capable  of  being  welded; 
two  pieces,  when  heated  to  a white  heat,  may  be 
firmly  joined  together,  merely  by  hammering,  w ith- 
out solder  or  rivet;  it  is  the  most  elastic  of  all  the 
metals,  and  possesses  such  a degree  of  tenacity,  that 
a wire  of  one  tenth  of  an  inch  w ill  sustain  a weight 
of  450  pounds,  without  breaking ; it  possesses  the 
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singular  property  of  being  magnetic,  it  is  not  only 
attracted  by  the  magnet,  or  the  loadstone,  but  the 
loadstone  itself  is  only  an  ore  of  iron*  It  has  so 
strong  an  affinity  for  oxygen,  that  at  a red  heat  it 
will  take  it  from  water. 

Do  the  acids  in  general  act  on  iron  ? 

It  is  acted  on  by  most  of  the  acids,  the  sulphuric, 
in  a diluted  state,  readily  dissolves  it;  the  substance 
called  green  vitriol,  or  copperas , but  properly  sul- 
phate of  iron , is  thus  produced. 

What  art  the  principal  uses  of  this  metal? 

Besides  its  use  in  the  formation  of  an  infinite 
variety  of  instruments  which  are  well  known,  its 
combinations  are  exceedingly  numerous;  the  salt 
just  mentioned,  is  used  for  making  ink,  and  by  the 
dyers  in  dying  black  goods;  when  this  salt  is  calcined, 
it  furnishes  the  red  powder  called  colcothar , or 
crocus  martis,  which  is  used  for  polishing  metals 
and  stones,  it  gives  the  finest  lustre  to  brass  of 
which  that  metal  is  capable,  and  is  the  best  sub- 
stance for  polishing  the  specula  of  telescopes ; its 
magnetic  properties  furnish  the  invaluable  mariners 
compass;  plumbago,  or  black  lead,  is  a carburet  of 
iron,  and  emery  powder,  so  useful  to  lapidaries 
and  other  artists,  is  a combination  of  iron  and  silex; 
solutions  of  this  metal  in  nitrous,  muriatic,  and 
acetic  acid,  are  used  by  calico  printers,  the  beautiful 
Prussian  blue  is  a combination  of  iron  with  the 
prussic  acid,  and  its  different  oxyds  give  colour,  not 
only  to  common  bricks,  but  to  the  ruby;  garnet, 
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topaz,  8cc.  The  ingenious  Mr.  Wedgwood  (to 
whose  labours  the  ladies  are  indebted  for  some  of 
their  most  elegant  table  furniture,  while  they  have 
furnished  the  Chemist  and  others  with  vessels  and 
instruments  of  the  first  utility,)  is  reported  to  have 
said,  that  nearly  all  the  fine  diversified  colours  of  his 
pottery  were  given  by  the  oxyds  of  this  metal  only. 

Is  iron  used  in  medicine 

Iron,  according  to  Fourcroy , is  the  only  metal 
that  is  not  noxious  to  animals,  its  preparations  are 
used  as  tonics,  those  medicines  called  steel  medi- 
cines are  of  this  nature,  and  the  chalybeate  waters 
owe  their  virtues  to  iron;  the  phosphate  of  iron,  a 
salt  produced  by  the  combination  of  iron  w ith  phos- 
phoric acid,  has  lately  been  supposed  to  be  efficacious 
in  those  dreadful  complaints  termed  cancerous ; it 
were  devoutly  to  be  wished  that  the  expectation  may 
be  wrell  founded,  he  would  indeed  deserve  well  of 
the  human  race  w ho  should  find  a cure  for  ma- 
ladies like  these. 

In  what  respects  does  Steel  differ  from  Iron ? 

Steel  is  a carburet  of  iron,  that  is,  a mixture  of 
iron  w ith  a small  portion,  not  one  hundredth  part, 
of  carbon;  but  in  consequence  of  that  small  mixture, 
it  acquires  new  and  important  properties,  it  is  much 
more  ductile , its  tenacity  is  so  much  increased,  that 
a wire  of  steel  will  support  about  double, the  weight 
which  one  of  iron,  of  the  same  diameter,  would  sup- 
port; its  elasticity  is  greatly  augmented,  and  it  ac- 
quires the  valuable  property,  peculiar  to  itself,  of 
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being  hardened  to  a great  degree,  by  the  simple  opera- 
tion of  plunging  it,  when  red  hot,  into  water  ; it  may 
afterwards  be  made  to  acquire  almost  any  temper,  a 
quality  which  is  of  the  utmost  importance  in  the 
manufacture  of  exquisitely  fine  edged  or  pointed 
instruments,  while  at  the  same  time>  it  is  rendered 
capable  of  taking  a very  fine  polish,  of  striking  fire 
with  flint,  and  will  retain  the  magnetic  virtue  for 
almost  any  length  of  time,  which  iron  will  not  do. 

Is  there  any  ready  way  of  distinguishing  Steel 
from  Iron ? 

Yes  they  may  easily,  and  with  certainty,  be  dis- 
tinguished from  each  other,  by  the  application  of  a 
single  drop  of  diluted  nitric  acid;  when  it  has  re- 
mained on  the  metal  for  a few  minutes,  it  may  be 
wiped  off;  if  iron,  the  spot  will  be  of  a whitish 
green , but  if  steel , it  will  be  black , by  the  conver- 
sion of  the  carbon  into  charcoal. 

TVhat  are  the  properties  of  Tin? 

Tin  appears  to  have  been  known  very  early,  it  is 
frequently  mentioned  in  the  writings  of  Moses;  its 
gravity  is  somewhat  less  than  iron,  it  has  long  beer* 
considered  as  the  lightest  of  all  metals , and  is  men- 
tioned so  in  most  Systems  of  Chemistry  ; it  is  indeed 
the  lightest  of  all  the  metals  formerly  known,  but  is 
very  heavy,  compared  with  some  of  modern  dis- 
covery ; to  the  metals  already  considered,  it  is  much 
inferior  in  point  of  tenacity  and  ductility,  but  it  is 
tolerably  malleable,  as  the  thin  leaves  called  tin  foil 
will  prove;,  it  is  flexible,  and  in  bending,  males' 
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a peculiar  kind  of  crackling  noise;  it  has,  even  when 
cold,  some  affinity  for  oxygen,  and  hence  it  becomes 
tarnished  in  the  open  air,  but  that  affinity,  as  in  other 
cases,  is  considerably  augmented  by  heat . 

What  are  the  uses  of  this  metal  t 

If  tin  be  heated  in  an  open  vessel,  its  surface  is 
soon  oxydated,  and  a yellow  or  grey  powder  is 
formed,  which  the  workmen  call  putty,  and  which  is 
used  for  polishing  various  metallic  articles,  optical 
glasses,  8cc.  when  combined  with  sulphur,  by  heating 
in  a crucible,  it  forms  a brilliant  substance  nearly  of 
the  lustre  and  colour  of  gold,  but  in  flakes,  formerly 
called  aurum  musivum,  or  mosaicum , but  more  pro- 
perly sulphurated  oxyd  of  tin,  this  is  used  as  a paint, 
and  has  been  sometimes  applied  to  the  cushions  of 
electrical  machines,  instead  of  the  common  amalgam 
of  zinc;  with  copper,  as  before  said,  it  forms  the 
specula  of  telescopes,  it  is  used  for  lining  copper 
vessels  for  culinary  purposes,  to  defend  the  copper 
from  the  action  of  acids;  though  not  sonorous  itself, 
it  rondel's  copper  so,  and  therefore  is  mixed  with  it 
to  form  metal  for  casting  bells,  &c.  it  is  of  great  use 
to  the  dyer,  a solution  of  it  in  aqua  fortis  giving  a 
fine  scarlet  colour  to  the  dull  crimson  given  by 
cochineal ; it  readily  amalgamates  with  mercury,  and 
thus  furnishes  the  metallic  coating  of  our  looking 
glasses;  it  is  likewise*  of  various  other  uses,  to© 
numerous  to  mention. 

iVhat  is  the  nature  of  those  plates  called  tin 
plates,  or  block  tin,  of  which  so  many  usef  ul  vessels 
are  made ? 
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They  are  very  improperly  stiled  tin  platen  being 
in  reality  iron  coated  with  tin  : the  term  white  iron, 
used  in  Scotland,  is  somewhat  less  exceptionable: 
this  property  of  adhering  to  iron,  which  tin  possesses, 
is  highly  important,  it  keeps  the  iron  plates  from 
rusting  by  the  action  of  acids,  it  gives  considerable 
beauty  to  their  appearance,  and  furnishes  the  means 
of  soldering  them  together  in  any  form,  and  with 
wonderful  facility. 

What  are  the  properties  of  Lead? 

Lead  is  the  last  of  the  seven  metals  known  to  the 
ancients  ; from  its  being  so  frequently  coupled  with 
tin  in  the  writings  of  Moses,  one  is  led  to  think  that 
it  w as  considered  as  being  nearly  connected  with 
that  metal ; in  point  of  gravity,  it  occupies  the  middle 
rank  among  the  ancient  metals,  being  lighter  than 
platina,  gold,  and  mercury,  and  heavier  than  copper, 
iron,  and  tin,  of  which  any  one  may  be  easily  con- 
vinced by  dropping  pieces  of  gold,  iron,  and  copper 
into  melted  lead,  the  former  will  sink  to  tire  bottom, 
but  the  two  latter  will  sw  im  like  corks  on  the  surface 
of  the  lead : it  very  soon  tarnishes,  or  is  oxy darted,  by 
exposure  to  the  atmosphere,  but  more  rapidly 
when  heated;  it  is  malleable,  and  may  be  beaten 
into  thin  plates,  but  its  ductility  and  tenacity  are  but 
small,  and  a leaden  wire  would  support  but  a small 
weight  without  breaking. 

Do  not  the  oxyds  of  this  metal  famish  the  ' 
painter  with  several  of  his  colours? 
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Yes,  the  white  oxyd  of  lead,  or  white  lead , as  it 
is  usually  called,  is  made  by  exposing  thin  leaves  of 
this  metal  to  the  fumes  of  vinegar;  the  upper  part  of 
a crucible,  having  a grating  a little  below  the  middle, 
is  filled  with  these  leaves  loosely  rolled  round,  and 
beneath  the  grating  vinegar  is  poured  in,  the  whole 
being  exposed  to  a gentle  heat,  resembling  that  of  a 
hothouse,  the  rising  vapour  of  the  vinegar  corrodes, 
or  oxydizes,  the  lead,  and  white  lead  is  formed, 
w hich  is  afterwards  ground  and  prepared  for  painting. 
Is  this  the  only  instance  of  the  kind(t 
No;  if  lead  be  exposed  to  the  heat  of  a furnace, 
it  is  first,  by  the  action  of  oxygen,  changed  to  a grey 
oxyd,  then  to  the  yellow , called  massicot,  and  then 
to  the  red  oxyd  called  minium,  or  red  lead . 

Is  not  lead  of  a poisonous  nature 
Yes,  all  its  preparations  are  highly  so,  as  painters, 
and  the  workmen  in  white  lead  mills,  know  by  sad 
experience ; the  vapours  of  the  furnaces  where  its 
©re  is  melted,  are  said  to  effect  the  grass  in  the 
neighbourhood,  and  to  kill  the  cattle  which  feed  on 
it;  but  there  is  one  circumstance  which  must  not 
pass  without  notice,  namely,  the  horrid  practice^ 
too  frequent  among  some  of  the  dealers  in  wines,  &c. 
of  correcting  the  acidity  of  their  liquors  by  a pre- 
paration of  this  metal. 

What  is  the  nature  of  this  practiced 
A solution  of  lead  in  acids  gives  a sw’eet  taste  to 
the  liquors  with  which  it  is  mixed;  and  hence  the 
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acetate,  or  sugar  of  lead,  has  been  employed  by 
ignorant  or  unprincipled  dealers  to  correct  the  acidity 
of  their  wines  and  cyders:  the  ignorance  of  the 
ancients  on  this  subject,  will  furnish  one,  among 
numberless  proofs,  of  the  great  advantages  of  the 
study  of  Chemistry. 

Since  we  are  indebted  to  Chemistry  for  our 
knowledge  of  the  pernicious  nature  of  this  practice , 
can  it  not  furnish  us  also  with  the  means  of  de- 
tection^ 

Yes;  oyster  shells  are  to  be  first  calcined,  reduced 
to  powder,  and  mixed  with  an  equal  quantity  of  sul- 
phur; the  mixture  is  then  to  be  put  in  a crucible, 
and  kept  in  a white  heat  for  a quarter  of  an  hour; 
when  cold,  it  is  to  be  mixed  with  an  equal  quantity 
of  cream  of  tartar  (acidulous  tartrite  of  potass)  and 
boiled  in  a bottle  for  an  hour;  when  the  water  is 
decanted,  twenty  drops  of  muriatic  acid  is  to  be 
added  to  every  ounce  of  the  water;  this  liquor  will 
detect  the  least  quantity  of  lead,  by  precipitating  it 
in  a dark  coloured  powder  from  the  wine  which  is 
adulterated  with  it. 

There  is  a curious  preparation,  frequently  seen 
in  the  shop  windows  of  Druggists > called  the  lead 
tree — Hozv  is  it  produced ? 

By  dissolving  an  ounce  of  sugar  of  lead  in  a quart 
of  w ater  in  a glass  jar ; a piece  of  brass  wire,  at  the 
end  of  which  a small  piece  of  zinc  is  suspended,  is 
then  let  down  into  the  fluid,  and  the  whole  corked 
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up  tight;  in  a short  time  the  lead  begins  to  shoot 
from  the  zinc  downwards,  producing  the  most 
beautiful  appearance  of  metallic  vegetation  that  can 
be  conceived  ; it  must  not,  however,  be  moved  when 
once  formed,  or  it  will  be  in  danger  of  falling  to 
pieces. 

What  are  the  properties  of  Nickell  ? 

It  is  of  a colour  between  silver  and  tin;  its  specific 
gravity  is  nearly  that  of  copper  ; it  is  malleable,  and 
may  be  hammered  into  plates;  it  is  very  difficult  of 
fusion,  and  is  attracted  by  the  magnet. 

Where  is  this  metal  found? 

It  is  found  in  several  parts  of  Germany,  and 
when  first  discovered  was  thought  to  be  an  ore  of 
copper,  and  named  by  the  Germans  Kupfernickel, 
or  false  copper;  its  existence  as  a distinct  metal  has 
been  doubted  by  several  celebrated  Chemists;  Dr. 
Thomson  says,  “ It  may  possibly  be  a compound, 
and  so  may  likewise  many  other  metals,  but  we  must 
admit  every  thing  to  be  a peculiar  body,  which  has 
peculiar  properties,  and  we  must  admit  every  body 
to  be  simple,  until  some  proof  be  actually  produced 
that  it  is  a compound;”  on  this  ground  we  must 
allow  to  nickell  the  honor  of  being  a distinct  metal. 

What  are  the  properties  of  Zinc? 

It  is  doubtful  whether  the  ancients  were  ac- 
quainted with  this  metal,  as  there  is  no  certain  men- 
tion of  it  until  the  time  of  the  well  known  visionary^ 
Paracelsus,  whose  iulkes  ended  with  his  life  in  the 
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year  1641 : it  is  of  a bluish  white  colour,  not  very 
unlike  lead,  but  much  more  brilliant,  and  when 
broken,  appears  of  a crystalline  texture;  its  gravity 
is  nearly  that  of  tin;  it  is  hardly  to  be  termed  mal- 
leable, though  it  w ill  flatten  a little  by  a blow  of  the 
hammer  without  breaking;  it  is  easily  fused,  and,  if 
exposed  to  a white  heat  in  a crucible,  it  takes  fire 
and  burns  away  with  a very  brilliant  white  flame, 
covering  the  mouth  of  the  crucible  w ith  a very  lighj 
white  substance,  resembling  cotton  wool,  formerly 
called  flowers  of  zinc. 

What  are  the  principal  uses  of  zinc? 

It  is  mixed  with  copper  in  what  is  called  pinch - 
beck , princes  metal , &c.  and  in  greater  quantities 
for  making  brass  from  copper,  and  hence,  if  brass 
be  kept  in  a brisk  fire,  the  zinc  is  burnt,  and  the  sur- 
face of  the  brass  reduced  to  copper;  it  forms,  when 
melted,  and  mixed  with  a sufficient  quantity  of  mer- 
cury to  reduce  it  to  the  consistence  of  a paste  w hen 
cold,  the  best  amalgam  for  electrical  machines, 
which,  however,  is  much  improved  by  being  worked 
up  with  a little  tallow;  when  sulphuric  acid,  diluted 
with  water,  is  poured  on  small  pieces  or  filings  of 
zinc,  the  water  is  decomposed,  as  when  iron  filings 
are  used,  hydrogen  gas  is  disengaged,  and  a w hitish 
salt  is  at  length  found  at  the  bottom  of  the  vessel, 
which  has  been,  foolishly  enough,  called  white  cop- 
peras, but  properly  sulphate  of  zinc;  a solution  of 
this  salt  in  common  water  form's -a  very  famous 
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collirium,  or  eye  W'ater,  and  is  perhaps,  for  slight  in- 
flammations of  the  ey  e,  one  of  the  best  that  can  be 
used;  of  late  zinc  has  been  applied  to  a new  and 
important  use  in  galvanic,  or  more  properly,  voltaic 
batteries,  which  are  formed  by  alternate  plates  of 
copper  and  zinc;  diluted  nitrous  acid  is  interposed 
between  each  pair  of  plates,  and  the  action  of  this 
acid,  in  oxydizing  the  zinc,  produces  those  powerful 
electrical  effects  by  which  Mr.  Davy  has  made  his 
surprizing  discoveries. 

What  are  the  properties  of  Bismuth? 

Its  specific  gravity  is  between  those  of  silver  and 
Copper;  it  is  one  of  the  most  fusible  metals,  and  it 
renders  other  metals  that  are  mixed  with  it  more 
easily  fusible ; a mixture  of  equal  parts  of  lead,  tin, 
and  bismuth,  is  sq  very  fusible,  that  it  may  be  melted 
on  paper  over  the  flame  of  a lamp;  its  colour  is  a 
kind  of  brownish  yellow,  and  its  texture,  when 
broken,  not  unlike  that  of  zinc;  it  is  not  at  all  mal- 
leable, but,  on  the  contrary,  may  be  pow  dered  by 
the  hammer  ; its  singular  property  of  expanding  as  it 
cools,  renders  it  useful  in  giving  a sharp  impression 
to  printers’  types. 

What  is  the  preparation  called  Magistery  of 
Bismuth ? 

When  the  .salt  called  nitrate  of  bismuth  is  formed 
by  dissolving  the  metal  in  nitrous  acid;  it  does  not 
dissolve  in  water,  as  the  other  salts  do,  but  is  preci- 
pitated in  the  form  of  a w hite  pow  der,  this  is  the 
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white  oxyd  formerly  called  raagistery  of  bismuth; 
its  beautiful  white  has  occasioned  its  use,  by  the 
ladies,  as  a paint  for  the  skin;  but,  not  to  mention 
the  bad  effects  of  almost  every  substance  rubbed  on 
the  skin,  in  stopping  up  its  pores,  a lady  should  be 
very  cautious  in  using  this  beautifier,  lest,  by  expo- 
sure to  any  putrid  effluvia,  or  sulphuretted  hydrogen, 
such  as  the  Harrowgate  water  abounds  with,  or  even 
by  sitting  too  near  the  fire,  her  lovely  white  •com- 
plexion should  be  suddenly  turned  to  a copper 
brown;  an  instance  of  which  is  related  by  Mr.  Parkes 
in  his  Chemical  Catechism. 

IVkat  are  the  properties  of  Antimony? 

It  is  in  colour  of  a greyish  white,  and  w hen  broken 
has  a crystallized  appearance;  its  specific  gravity  is 
rather  less  than  that  of  tin;  it  is  very  brittle;  the  ad- 
dition of  a small  portion  of  it  has  been  found  to  give 
additional  compactness  to  the  specula  of  reflecting 
telescopes;  the  substance  usually  called  crude  anti- 
mony, which  is  used  by  stationers  to  black  the  edges 
of  cards  and  paper,  is  a sulphuret  of  the  metal,  that 
is,  a combination  of  sulphur  with  antimony:  the 
Eastern  ladies  formerly  used  this  sulphuret  to  give 
a beautiful  black  to  their  eye-lids;  it  was  thus  that 
Jezebel,  of  whom  we  read  in  2 Kings  ix.  30. 
adorned  herself,  and  not  by  painting  her  face , as  we 
have  translated  it. 

Is  Antimony  used  in  medicine ? 

Yes,  the  celebrated  fever  pow'der  of  Dr.  James 
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is  a preparation  of  it,  and  so,  as  its  name  implies,,  is 
its  imitation  the pulvis  antimonialis  of  the  shops; 
emetic  tartar  is  also  an  antimonial  preparation. 

What  are  the  properties  of  Arsenic? 

In  its  metalline  state  it  is  very  brittle , and  may 
easily  be  reduced  to  powder  in  a mortar;  its  specific 
gravity  does  not  much  differ  from  that  of  tin;  it  is 
used  for  whitening  copper ; and  brass  pins,  such  as 
ladies  use,  are  whitened  by  it;  it  gives  additional 
whiteness  and  compactness  to  metallic  specula;  it  is 
useful  in  the  preparation  of  several  colours  for  the 
painter,  the  dyer,  and  the  calico  printer;  the  orange 
colour  called  orpiment , the  fine  green  called  ScheeVs 
green , and  the  king’s  yellow , are  all,  with  several 
others  of  less  note,  preparation  of  this  metal ; the 
common  white  arsenic,  which  is  an  oxyd  of  this 
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metal,  is  well  known;  it  is  esteemed  a most  dreadful 
poison,  and  so  in  fact  is  every  powerful  medicine,  if 
taken  in  too  large  quantities,  but  it  has  for  some  : 
time  been  pretty  generally  employed,  and  with  great  j 
success  in  small  quantities,  in  the  cure  of  intermitting 
fevers,  though  the  faculty,  on  account  of  the  strength 
of  popular  prejudice,  are  cautious  in  avowing  the 
practice. 

What  are  the  properties  of  Cobalt? 

Cobalt,  as  a metal,  does  not  appear  to  have  been 
yet  applied  to  any  use,  though  it  will  combine  with 
several  of  the  other  metals;  it  is  of  a whitish  grey 
colour,  sometimes  with  a shade  of  red  or  pink,  is 
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rather  heavy,  but  very  brittle,  and  of  little  brilliancy; 
it  is  obtained  from  a mineral  called  Zaffre ; it  is 
principally  valuable  on  account  of  its  oxyd , which 
gives  a very  fine  and  permanent  blue  colour,  and 
has  for  more  than  two  centuries  and  a half  been 
employed  to  colour  glass;  the  blue  colour  called 
smalt)  or  commonly  powder  blue , which  is  used 
by  painters,  by  the  laundresses,  mixed  with  starch,  to 
colour  their  linen,  and  by  paper  makers  for  the 
colour  of  their  paper,  is  flint  glass , coloured  by  this 
oxyd,  and  ground  to  a fine  powder;  a coarser  sort  of 
this  is  sometimes  used,  as  a ground,  by  sign  painters. 

Has  not  cobalt  been  used  for  preparing  a 
sympathetic  ink ? 

\es,  a beautiful  and  very  curious  preparation  of 
this  kind  is  made,  according  to  Dr.  Henry,  by  di- 
gesting in  a sand  heat  for  some  hours  one  part  of  co- 
balt, or  better  still  of  zaffre,  with  four  parts  of  nitric 
acid;  to  the  solution  add  one  part  of  muriate  of  soda 
(common  salt)  and  dilute  with  four  parts  of  water: 
characters  written  with  this  solution  are  perfectly 
invisible  when  cold,  but  on  gently  warming  the 
paper  appear  of  a fine  blue  or  green,  according  to 
the  purity  of  the  metal  employed,  these  when  cold 
disappear  again ; the  experiment  may  be  repeated  a* 
often  as  desired,  provided  the  paper  is  not  too  much 
heated,  for  when  that  happens  the  colour  does  not  af- 
terwards entirely  disappear:  it  is  said  that  landscapes* 
representing  a winter  scene,  have  been  draw®  on 
a fire  skreen,  the  leaves,  grass,  have  been  draws* 
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with  this  ink,  and  of  course  were  invisible,  until  the 
skreen  has  been  brought  near  the  fire,  when  the 
barren  trees  have  been  immediately  covered  with 
leaves,  as  if  by  magic,  the  ground  has  become  green, 
and  the  w hole  has  assumed  the  appearance  of  spring. 

What  are  the  properties  of  'Manganese? 

Manganese  is  a metal  of  comparatively  modern 
discovery;  it  is  of  a dusky  white  colour,  of  some 
lustre,  hard,  brittle,  and  very  difficult  of  fusion ; its 
attraction, for  oxygen  is  so  great,  that  it  is  never 
found  in  nature  in  a metallic  state;  what  is  sold 
under  the  name  of  manganese  is  the  black  oxyd  of 
i.hat  metal;  this  oxyd  is  a valuable  treasure  in  the 
hands  of  the  young  Chemist,  as  it  enables  him,  at  a 
small  expence,  to  procure  a large  quantity  of  oxygen 
gas,  and  thereby  instruct  and  entertain  himself  wdth 
some  of  the  most  important  and  most  beautiful 
experiments  ;that  the  science  of  Chemistry  affords. 

Is  not  tkc  curious  substance  called  camtlion 
mineral  prepared  from  manganese ? 

This  preparation*  so  called  from  its  changing  the 
colour  of  the  water  in  which  it  is  dissolved,  is  a 
highly  oxydized  manganese  with  potass;  the  method 
of  preparing  it  is  differently  described  by  different 
authors ; that  given  by  Mr.  Parkinson,  in  his  Che- 
mical Pocket  Book,  is  perhaps  the  best.  Melt  in 
a crucible  one  part  of  the  native  (the  common 
black)  oxyd  of  manganese,  and  three  parts  of  nitrate 
of  potass  (salt  petre)  u till  no  more  oxygen  gas  is 
disengaged;”  there  is,  however,  some  difficulty  in 


TELLURIUM. 


51 


making  this  compound  succeed,  perhaps  owing  to 
the  oxygen  gas  not  being  all  driven  off,  which  re- 
quires a strong  heat,  and  perhaps  for  want  of  atten- 
tion to  what  Mr.  Parkes  has  observed,  that  if  any 
sulphur  is  suffered  to  come  in  contact  with  it,  the 
whole  is  spoiled;  when  a little  of  this  compound  is 
thrown  into  a glass  of  water,  the  solution  is  first  bluey 
then  green , then  blue  again,  then  reddish , browny 
black9  and  at  last  colourless. 

What  are  the  properties  o/* Tellurium? 

Of  Tellurium,  and  the  six  remaining  metals,  little 
more  than  their  names  and  appearances  are  known ; the 
same  remark  may  be  extended  to  several  other  metals 
discovered,  or  thought  to  be  discovered,  by  different 
persons,  no  less  than  four  of  which  have  occurred  in 
the  ore  of  platina;  Chemists  are  certainly  much 
indebted  to  the  patient  and  laborious  researches  of 
those  gentlemen  who  have  explored  the  natures  of 
these  substances,  but  they  do  not  at  present  exhibit 
properties  sufficiently  interesting  to  engage  that  at- 
tention of  the  young  Chemist,  w hich  may  more  pro- 
fitably be  directed  to  other  objects. 
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CHAP.  V. 

ON  EARTHS . 


What  are  the  names  of  the  ten  Earths? 

Barytes,  Strontian,  Lime,  Magnesia,  Allumine* 
Yttria,  Glucina,  Zirconia,  Augustina,  Silica. 

By  what  properties  are  the  earths  distinguished 
from  other  bodies  t 

They  are,  generally  speaking,  not  soluble,  or  but 
slightly  so,  in  water;  have  little  or  no  taste  or  smell; 
they  are  fixed,  or  incombustible,  in  the  fire;  their 
specific  gravity  never  exceeds  five  times  that  of 
water;  to  which  Dr.  Thomson  adds,  that  when 
pure,  they  assume  the  form  of  a white  powder; 
though  they  possess  these  properties  in  so  many 
different  degrees,  that  there  is  some  difficulty  in 
knowing  how  to  class  them;  accordingly  some  of 
the  French  Chemists  have  put  barytes  and  strontian 
among  the  alkalies,  while  Dr.  Thomson  calls  in 
question  their  title  to  this  distinction,  unless  lime,  and 
magnesia  also,  are  invested  with  the  same. 

What  art  the  properties  of  Barytes? 

It  is  the  heaviest  of  all  the  earths,  being  more 
than  four  times  as  heavy  as  water;  its  present  name; 
which  is  from  the  Greek,  signifies  heavy;  it  was 
formerly  called  ponderous  spar;  it  resembles  the 
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alkalies,  with  which  it  has  been  classed,  in  its 
effects  on  vegetable  colours,  its  causticity,  and  in  the 
degree  of  its  solubility  in  water,  for  boiling  water 
will  dissolve  half  its  weight  of  barytes ; but  it  is  dis- 
tinguished from  the  alkalies  by  not  being  fusible 
in  the  fire. 

Is  barytes  found  native,  or  is  it  prepared  by 
art ? 

It  is  always  found  in  combination  with  an  acid, 
most  frequently  the  sulphuric , for  which  it  has  so 
strong  an  affinity,  that  it  is  capable  of  detaching  it 
from  every  other  substance,  and  thus  it  becomes  an 
admirable  test  for  the  presence  of  that  acid : it  is 
separated  from  the  acid  naturally  combined  with  it, 
by  exposure  to  heat  in  a crucible  with  charcoal,  and 
afterwards  with  nitric  acid,  and  w hen  pure,  very  much 
resembles  lime,  though  it  has  a more  caustic  taste; 
it  may  be  slaked  by  pouring  on  water,  when  it  ex- 
hibits nearly  the  same  phenomena  as  lime,  only  it 
absorbs  the  water  more  rapidly,  and  there  is  a 
greater  disengagement  of  heat  than  in  the  slaking 
of  lime;  it  is  sometimes  used  medicinally,  though  if 
taken  in  any  considerable  quantity,  is  said  to  be 
highly  poisonous;  it  forms  a permanent  white  paint, 
and  has  the  property  of  tinging  flame  with  a yellow* 
colour. 

What  art  the  properties  Strontian? 

Strontian,  so  called  from  a lead  mine  in  Argyle* 
shire,  Scotland,  resembles  so  nearly  the  last  earth, 
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for  which  it  was  at  first  taken,  that  little  need  he 
said  on  its  properties;  its  gravity,  however,  is  less 
than  that  of  barytes,  and  it  is  less  soluble  in  water; 
it  differs  from  that  earth  in  giving  a purple  colour 
to  flame,  instead  of  yellow.  Mr.  Parkes  indulges  a 
hope,  arising  from  its  abundant  existence,  that  it 
may  hereafter  be  found  to  possess  valuable  pro- 
perties, for  he  observes,  and  certainly  with  justice* 
that  the  Author  of  nature  has  formed  nothing  in 
vain. 

What  are  the  properties  of  Lime? 

Lime  has  been  long  known,  it  was  used  by  the 
ancients  in  medicine,  probably  for  the  same  pur-  • 
poses  as  we  employ  magnesia;  but  its  most  im- 
portant property  is  that  of  forming  a cement  for 
building,  for  which  purpose  it  is  nozo  used,  and  has 
been  used  from  time  immemorial;  it  is  one  of  the 
alkaline  earths,  and  therefore  possesses,  in  common 
with  them,  the  property  of  effervescing  with  acids, 
changing  vegetable  blues;  it  has  a burning  taste,  and 
is  somewhat  corrosive. 

Is  lime  a natural  or  artificial  body  ? 

It  is  no  where  found  naturally  in  the  state  of  lime* 
that  is,  in  an  uncombined  state,  but  is  always  in 
combination  with  carbonic  acid;  by  its  union  with 
that  acid,  it  forms  chalk,  marble,  limestone,  &c.  and 
the  process  of  making  lime  consists  in  separating 
that  acid  from  it  by  burning;  but  so  strong  is  the 
affinity  of  these  two  substances  for  each  other,  that 
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if  tlie  lime,  when  burnt,  is  not  kept  from  the  air,  it 
will  imbibe  carbonic  acid  from  it,  lose  most  of  its 
characteristic  properties,  and  be  reduced  to  chalk, 
or  carbonate  of  lirne,  again. 

Will  it  not  unite  with  other  substances  besides 
carbonic  acidct 

Yes,  its  affinity  for  water  is  well  known;  if  left 
exposed  to  the  air,  it  abstracts  its  moisture,  and 
Crumbles  to  pieces;  it  is  in  a very  small  degree 
soluble  in  water,  requiring  500,  or,  according  to 
some,  700  times  its  weight  of  water  to  dissolve  it; 
it  forms  with  fluoric  acid  the  beautiful  substance 
called  Derbyshire  spar;  with  sulphuric  acid  plaster 
of  Paris;  it  is  the  basis  of  the  shells  of  Jish,  and  of 
animal  bones ; it  combines  with  sulphur;  with  phos- 
phorus it  forms  a curious  substance  called  phos- 
phoret  of  lime,  which  has  the  property  of  decom- 
posing w ater,  and  with  its  hydrogen  forming  bubbles 
of  phosphorated  hydrogen  gas,  which  take  Are  on 
reaching  the  surface  of  the  water. 

What  are  the  properties  of  Magnesia? 

Magnesia  was  introduced  about  the  beginning  of 
the  eighteenth  century,  as  a medicine;  its  prepara- 
tion was  kept  a profound  secret,  and  it  was,  as  usual 
in  those  cases,  magnified  as  a cure  for  all  diseases; 
it  is  a white  powder*  very  soft  to  the  touch,  has 
scarcely  any  taste,  and  is  destitute  of  smell;  its 
specific  gravity  is  about  half  that  of  barytes,  and  it 
is  so  little  soluble  in  water,  that  it  requires  near 
8000  times  its  weight  to  dissolve  it. 
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Is  it  a natural  or  an  artificial  production? 

It  is  found,  combined  with  sulphuric  acid,  in 
sea  water,  from  whence  it  is  frequently  obtained, 
after  the  common  salt  has  been  separated  from  it  ; 
likewise  in  several  springs,  and  from  the  circum- 
stance of  some  of  those  Springs  being  discovered 
in  the  neighbourhood  of  Epsom,  the  sulphate  was 
called  Epsom  salts ; the  process  of  obtaining  the 
magnesia  from  this  salt  is  extremely  simple;  when 
the  salt  is  dissolved  in  water,  half  its  weight  of 
potass  is  added;  the  sulphuric  acid  combines  with 
the  potass,  and  the  magnesia  falls  to  the  bottom, 
and  is  taken  out,  washed,  and  dried. 

Has  magnesia  been  applied  to  any  useful  pur- 
poses? 

Its  use  in  medicine  is  considerable ; it  is  an  alka- 
line earth,  and  possesses,  in  common  with  all  those 
bodies,  the  property  of  correcting  acidities,  while 
the  use  of  it  is  not  attended  with  those  incon- 
veniences which  frequently  attend  the  use  of  the 
other  alkaline  substances;  it  is  useful  to  the  Chemist* 
and  to  the  manufacturer  of  porcelain,  and  is  an 
excellent  antidote  against  the  mineral  poisons. 

What  are  the  properties  of  Alumina? 

This  earth  is  the  pure  part  of  clay,  or  clay  freed 
from  the  impurities  with  which  it  is  usually  found* 
and,  together  with  its  salt,  allum , or  sulphate  of 
alumina,  appears  to  have  been  known  to  the 
ancients;  though  they  were  ignorant  of  the  com- 
ponent parts  of  allum,  they  knew  its  properties,  and 
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employed  it  in  dying ; they  availed  themselves  of  the 
'well  known  property  of  alumina  in  hardening  in  the 
fire,  and  formed  a variety  of  vessels  with  it;  its 
affinity  for  greasy  substances,  from  whence  it  de- 
rives its  cleansing  property,  appears  likewise  to  have 
been  early  known;  it  is  not  soluble  in  water,  though 
it  readily  mixes  with  it,  and  it  does  not  effect  the 
vegetable  colours. 

Is  not  alumina  frequently  met  with  in  combina- 
tion zi'itk  other  bodies'? 

Yes,  f idlers  earth  is  a mixture  of  clay  and  silex; 
ochre , a well  known  yellow  powder,  used  as  a paint* 
is  alumina  and  oxyd  of  iron. 

Are  earthen  vessels  made  of  alumina  only  ? 

No,  its  property  of  contracting  in  the  fire,  ren- 
ders it  unfit  to  be  used  alone,  as  the  vessels  formed 
of  it  would  crack  in  baking,  to  prevent  which  it  is 
mixed  with  various  proportions  of  sand,  according 
to  the  purposes  for  which  it  is  wanted. 

Are  the  remaining  earths  of  equal  importance 
with  those  already  considered? 

With  the  exception  of  silex,  they  are  to  be  re- 
garded as  little  more  than  chemical  curiosities:  of 
Yttria,  Glucina,  Zirconia,  and  Augustina,  we  know 
but  little  except  their  names,  and  the  very  existence 
of  the  last  appears  to  be  doubtful;  silex,  however, 
i is  a valuable  earth. 

What  then  are  the  properties  of  Silex? 

Silex  is  that  earth  of  which  flint  is  formed ; pure 
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sand  issil'ex;  quartz,  or  rock  crystal,  is  composed  of 
silex;  so  are,  more  or  less,  all  the  precious  stones; 
its  great  importance  will  appear  when  it  is  consi- 
dered that  the  beautiful  and  highly  useful  article 
glass  is  formed  of  it;  it  has  no  taste,  or  any  alkaline 
properties;  it  is  not  of  itself  fusible  in  the  fire,  but 
on  being  mixed  with  an  alkalie,  readily  runs  into 
glass ; the  asbestos,  of  which  the  famous  incombus- 
tible cloth  was  made,  is  principally  silex;  and, 
while  it  enters  into  the  composition  of  those  stones 
which  have  obtained  the  appellation  of  precious,  the 
firmness  and  durability  of  our  public  roads  are  owing 
to  it;  it  enters  into  the  composition  of  earthenwares 
of  all  sorts. 
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ON  THE  ALKALIES . 


Having  considered  the  properties  of  all  those 
bodies  rollick , in  the  present  state  of  chemical  kno7e>~ 
ledge , are  considered  as  simple , what  compounds 
will  come  most  naturally  to  be  considered ? 

Though  this  point,  as  Dr.  Thomson  observes,  is 
luckily  not  of  much  consequence,  yet  the  peculiar 
circumstances  of  the  alkalies,  arising  from  their  near 
relationship  to  several  of  the  earths,  and  their  having 
been  themselves,  until  very  lately,  considered  as 
simple  bodies,  seem  to  give  them  some  claim  to  our 
next  consideration. 

How  many  alkalies  are  there ? 

Three,  Potass,  Soda,  and  Ammonia;  the  two 
former  of  these  are  generally  seen  in  a solid  or 
crystalline  state,  the  latter  in  a fluid  one. 

Since  these  have  been  considered  as  simple  bodies , 
we  are  to  conclude  that  they  are  not  prepared  by 
art,  but  are  found  native ? 

This  does  not  by  any  means  follow;  there  are 
several  bodies  considered  as  simple,  which  are  never 
found  in  nature , but  in  a state  of  combination  with 
other  bodies,  from  which  the  art  of  Chemistry  is 
employed  to  separate  them;  the  curious  substance 
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called  phosphorus  is  an  instance  of  this,  the  art  of 
making  which,  consists  in  separating  it,  by  an  intense 
heat,  from  the  substances  with  which  it  is  naturally 
combined . 

How  then  are  the  alkalies  obtained ? 

Potass  and  Soda  are  both  obtained  from  the  ashes 
of  burnt  vegetables , by  washing  them  in  water,  and 
afterwards  pouring  off  the  water,  and  evaporating  it, 
when  the  alkalie  is  found  at  the  bottom  of  the  vessel ; 
it  is,  however,  by  no  means  in  a pure  state,  but  is 
mixed  with  several  other  substances;  from  some  of 
these  it  may  be  purified  by  exposure  to  a red  heat, 
but  it  is  still  combined  with  carbonic  acid,  which 
filunts,  and  almost  destroys , some  of  its  properties ; 
it  may  in  great  measure  be  separated  from  that  acid 
by  boiling  with  quick-lime,  which  has  a very  strong 
affinity  for  the  acid;  this  is  the  state  in  which  it  is 
commonly  sold,  and  in  which  it  is  sufficiently  pure 
for  the  generality  of  experiments;  to  render  it  per- 
fectly pure,  requires  a very  difficult  and  expensive 
process,  and  when  made  so,  it  must  be  carefully  pre- 
served from  the  air,  or  it  will  again  imbibe  carbonic 
acid  from  it,  lose  its  causticity,  and  become 
unfit  for  most  experiments;  there  is  indeed  another 
circumstance  which  renders  it  necessary  to  keep 
those  alkalies  from  the  air,  namely,  their  strong 
affinity  for  water;  if  exposed  to  the  air  they  would 
soon  deliquiesce , or  melt.  j 

Is  there  no  difference  in  the  preparation  or  pro* 
pertit*  of  the  two  alkalies  ? 
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The  potass  is  prepared  from  vegetables  which 
grow  on  the  land,  but  soda  is  obtained  from  the 
ashes  of  marine  plants;  formerly  their  properties 
were  supposed  to  be  exactly  similar,  but  it  has  now 
been  ascertained  that  there  are  some  circumstances 
in  which  they  differ,  which,  however,  it  is  not 
necessary  at  present  to  state,  as  they  perfectly  agree 
in  their  general  characters. 

How  is  the  other  a /kalie  cad  led  Ammonia  pro- 
cured? 

It  may  be  procured  by  distillation  from  various 
substances;  it  obtained  the  name  of  ammonia  from 
its  being  distilled  from  sal  ammoniac ; the  horns  and 
hoof  of  animals  yield  it,  and  from  the  circumstance 
of  the  horns  of  the  hart  having  been  sometimes  used, 
it  has  vulgarly  been  called  hartshorn;  in  distillation 
it  rises  in  the  form  of  gas,  but  is  rapidly  absorbed 
by  the  water  in  the  receiver,  and  forms  with  it  liquid 
ammonia,  or  spirit  of  hartshorn. 

How  have  the  alkalies  been  divided  by  Chemists ? 

Into  fixed  and  volatile,  and  into  mineral  and  vege- 
table; the  ammonia  is  certainly  votatile , its  natural 
form  being  that  of  a gas,  and  the  potass  and  soda 
have  some  claim  to  the  title  of fixed,  because  they  are 
not  dissipated  but  by  a red  heat;  but  the  distinction 
between  mineral  and  vegetable,  being  unfounded,  is 
now  laid  aside. 

What  are  the  properties  of  the  alkalies  ? 

We  must,  once  for  all,  observe  with  Dr.  Thomson, 
that  our  classifications,  however  necessary,  are  arti- 
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ficial ; iC  nature  does  not  know  them/'  and  often 
refuses  to  conform  to  them;  it  cannot  therefore  be 
expected  that  the  alkalies,  any  more  than  the  acids, 
and  other  classes  of  bodies,  should  agree  in  all  their 
properties;  it  is  sufficient  for  our  purpose  that  they 
do  so  in  their  general  ones : the  principal  charac- 
teristics of  alkalies  are  these,  1.  they  have  a hot  and 
bitter  taste,  and  when  pure  are  highly  caustic; 
2.  they  change  the  vegetable  blue  colours  to  green; 
if  a piece  of  unsized  paper,  coloured  with  litmus, 
(or  with  the  juice  of  red  cabbage,  which  gives  a 
dull  blue  colour  and  affords  a more  delicate  test 
than  litmus)  if  this  paper  be  dipped  in  an  alkaline 
solution,  it  will  be  changed  to  a bright  green ; an 
infusion  in  hot  water  of  the  flowers  of  mallows  will 
answer  the  same  purpose;  there  is  another  very 
delicate  test  for  alkalies,  which  has  lately  been  much 
used,  viz.  paper  stained  by  turmeric ; this  is  of  a 
bright  yellow  , and  on  being  dipped  into  any  alkaline 
solution  changes  to  a brown:  3.  they  occasion  an 
effervescence  w hen  mixed  with  acids. 

• What  is  meant  by  an  effervescence  ? 

An  appearance  somewhat  similar  to  what  is  termed 
boiling;  when  an  acid  and  alkalie  are  mixed,  pro- 
vided one  of  them  is  in  solution,  a brisk  kind  of 
motion  is  seen  in  the  mixture,  small  bubbles  of  air 
cover  the  surface,  and  a hissing  noise  is  heard ; when- 
ever this  happens,  on.  putting  an  acid  into  any  solu- 
tion, it  indicates  that  the  solution  conta  ns  some 
substance  of  an  alkaline  nature. 
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Are  not  the  alkalies  of  great  use  in  the  various 
arts ? 

Yes,  their  uses  are  numerous  and  important;  in 
the  manufacture  of  that  elegant  and  useful  article 
glass , the  alkalie  acts  a very  distinguished  part; 
silex,  of  which  glass  is  made,  will  not  melt  of  itself, 
but  becomes  fusible  on  mixing  with  an  alkalie;  for 
this  purpose  the  preference  is  given  to  soda,  as  it  is 
found  to  fuze  the  silex  most  readily;  the  same  pre^ 
ference  is  given  to  this  alkalie  over  potass  for  an- 
other reason,  in  other  cases,  namely,  because  it  is 
less  corrosive,  and  therefore  less  liable  to  injure  the 
linen,  8tc.  when  it  is  used  in  dying,  bleaching,  &c. 
alkalies  have  the  very  useful  property  of  rendering 
oils  and  fat  miscibie  w ith  water,  and  thereby  forming, 
soaps;  for  this  purpose  potass  is  preferred  in  the 
manufacture  of  soft  soap,  and  soda  in  that  of  hard, 
from  an  idea  that  the  latter  gives  moie  firmness  to 
the  soap  than  the  former. 

Is  it  not  to  the  alkalie  that  soap  owes  its  deter- 
sive or  cleansing  quality — why  then  are  the  oils  or 
ta l lazes  added? 

The  caustic  nature  of  the  alkalie,.  if  alone,  would 
injure  the  finer  sorts  of  linen,  as  w ell  as  the  hands  in 
using,  therefore  the  tallow  or  oil  is  added  to  render 
it  more  mild,  and  more  fit  for  general  purpose. 

Can  the  alkalies  only  be  obtained  from  the  ashts 
of  burnt  vegetable  substances ? 

They  may  be  obtained  by  different  processes  from 
other  combinations  ;,  that  vast  depository  the  sea. 
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contains  immense  quantities  of  soda,  for  table  salt, 
which  is  obtained  from  it,  is  soda,  combined  with 
muriatic  acid. 

Are  the  combinations  of  the  alkalies  numerous  9 

Yes  they  combine  with  all  the  acids,  and  form  a 
numerous  class  of  salts,  which,  agreeably  to  the 
excellent  plan  of  the  present  nomenclature,  are 
named  from  the  two  substances  which  form  them, 
as  the  nitrates  of  ammonia  and  of  potass,  sulphate 
of  soda,  &c.  these  salts  were  formerly  called  neutral 
salts,  as  being  neither  acid  or  alkaline,  but  that  term 
is  now  laid  aside;  the  acid  which  they  are  always 
naturally  combined  with,  and  from  which,  as 
already  observed,  it  is  difficult  to  separate  them,  is 
the  carbonic,  with  this  they  form  carbonate  of 
potass  or  soda. 

What  is  the  nature  of  the  volatile  alkalie , 
ammonia  ? 

In  its  general  properties  as  an  alkalie,  it  agrees 
with  the  fixed  ones;  that  very  useful  salt  called 
sal  ammoniac,  is  a muriate  of  ammonia,  that  is,  am- 
monia combined  with  muriatic  acid ; ammonia  is 
exceedingly  useful  in  medicine,  and  in  various  arts; 
in  its  combination  with  carbonic  acid,  it  assumes  a 
concrete  form,  and  beautiful  white  colour,  and  is 
then  the  salt  called  sal  volatile,  contained  in  the 
ladies*  smelling  bottles. 
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Having  finished  our  examination  of  the  metals, 
alkalies,  and  earths,  it  seems  now  proper  to  advert 
more  particularly  to  the  recent  discoveries  of  Mr, 
Davy , which  bear  so  near  a relation  to  those 
bodies ; and  first  of  the  alkalies,  for  these , you  have 
said , have  proved  to  decompound — What  then  is 
the  nature  of  their  composition , and  the  discoveries 
relating  to  them  ? 

The  alkalies  and  earths  have  long  been  the  sub- 
jects of  suspicion ; though  permitted  to  hold  their 
rank  among  the  simple  substances,  yet  it  has  been 
supposed  by  many  of  the  first  Chemists  that  they 
were  compounds,  and  accordingly  numerous  at- 
tempts have  been  made  to  decompose  them,  nay, 
some  French  Chemists  of  eminence  had  gone  so  far 
as  to  announce  their  decomposition;  but  their  ex- 
periments were  not  satisfactory,  nor  did  they  seem 
to  suppose  that  the  nature  of  the  compound  had 
been  ascertained:  at  length,  our  justly  celebrated 
countryman,  Mr.  Davy,  after  numerous  well  con- 
ceived and  accurate  experiments,  succeeded  in  ob- 
taining from  the  two  alkalies,  two  distinct  metallic 
substances,  one  of  which  he  called  Potassium,  and 
the  other  Sodium.  N 

What  are  the  properties  of  those  metals 
Though  different  in  some  instances,  not  necessary 
at  this  time  to  notice,  their  general  characters  are 
the  same;  their  specific  gravity  is  so  small,  that  they 
G 3. 
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swim,  not  only  on  ivater,  but  on  oil;  their  con- 
sistency is  between  that  of  a fluid  and  a solid,  or  like 
that  of  soft  wax  -r  their  affinity  for  oxygen  is  so  great, 
that  they  readily  take  it  from  water,  and  burn  with 
rapidity  the  instant  they  are  thrown  on  its  surface, 
as  they  do  on  that  of  ice,  and  though  carbonic  acid 
gas  extinguishes  the  flame  of  that  very  combustible 
substance  hydrogen  gas,  these  metals  will  burn  in  it 
with  a splendour,  which,  though  different  in  colour, 
is  little  inferior  to  that  of  sulphur  in  oxygen  gas  ; in 
consequence  of  their  strong  affinity  for  oxygen,  even 
at  the  common  temperature  of  the  atmosphere,  it 
follow  s that  they  are  not  to  be  met  with  naturally  in 
their  mtlal/ic  state,  but  in  the  condition  of  an  oxyd ; 
potass  is  an  oxyd  of  potassium,  and  soda  of  sodium. 

By  what  means  zuas  the  decomposition  of  the 
alkalies  effected 

Mr.  Davy  accomplished  it  by  the  galvanic , or 
more  properly  Voltaic  battery,  by  the  force  of  which 
he  w as  enabled  to  expel  the  oxygen  from  the  potass 
and  soda,  when  their  metallic  bases  appeared;  their 
affinity  for  oxygen  is  such,  that  they  cannot  he  pre- 
served, if  exposed  to  the  air,  and  are  therefore 
always  kept  under  fresh  distilled  naptha. 

Is  there  no  other  method  of  decomposing  the 
alkalies °t 

Yes,  the  French  Chemists,  having  heard  of  the 
discovery,  had  recource  to  another  method,  which 
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has  succeeded;  it  is  the  same  as  that  by  which  water 
is  decomposed;  some  iron  turnings  are  put  into  the 
middle  of  a gun  barrel,  a quantity  of  potass  placed 
in  a tube  at  one  end  is  made  to  drop  slo\vl\  down  on 
the  iron  turnings,  while  in  a white  heat;  the  potass 
is  thus  deprived  of  its  oxygen,  which  combines  with 
the  iron,  and  the  potassium  is  found  at  the  other 
end  of  the  gun  barrel. 

The  discovery  is  certainly  a very  curious  one ; is 
it  likely  to  be  of  extensive  utility  ? 

It  is  not  possible,  in  the  present  state  of  things, 
to  ascertain  its  importance,  but  it  is  easy  to  conceive 
that  such  powerful  agents  may  hereafter  be  employed 
to  very  great  advantage  in  a variety  of  ways,  which 
cannot  now  be  pointed  out.  It  may  be  proper  to 
observe,  that,  notwithstanding  the  difficulty  in 
operating  on  the  volatile  alkalie  ammonia,  there  is 
good  reason,  to  conclude  that  the  base  of  that  is 
metallic  also. 

Have  any  of  the  earths  been  decomposed ? 

Yes,  Mr.  Davy  has  also  succeeded  in  decom- 
posing, by  the  Voltaic  battery,  the  four  alkaline 
earths,  Barytes,  Strontian,  Lime,  and  Magnesia,  and 
has  produced  metallic  substances  from  those  also, 
to  which  he  has  given  the  names  of  Bamim,  Stron- 
tium, Calcium,  and  Magnium  Mr.  Davy  supposes* 
and  the  idea  is  plausible  and  beautiful,  that  though, 
for  obvious  reasons,  these  metals  cannot  exist  at  the 
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surface  of  the  earth,  yet  they  may  be  buried  under 
it;  and,  if  this  be  admitted,  it  is  not  difficult  to  con- 
ceive that  by  the  contact  of  water,  or  some  other 
substance  capable  of  imparting  oxygen  to  them,  they 
would  be  inflamed , and  bursting  from  their  confine- 
ment, would  occasion  earthquakes , and  other  tre- 
mendous effects,  which  have  not  hitherto  been 
Accounted  for. 

\ 
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CHAP.  VII. 

ON  CHEMICAL  AFFINITY. 


IN  any  attempt  to  understand  the  science  of 
Chemistry , is  it  not  of  importance  to  be  well  ac- 
quainted with  the  lazes  of  Affinity? 

Yes,  of  the  greatest  importance,  because  all  the 
changes  we  are  capable  of  producing,  depend  oil 
those  laws ; and  we  are  therefore  unable  to  perform 
any  thing  ourselves,  or  understand  what  is  every  day 
passing  before  our  eyes  in  nature , or  in  chemical 
experiments , without  attending  to  the  laws  of  affinity, 
by  which  they  are  invariably  governed, 

IV hat  do  you  understand  by  the  term  Affinity  ? 

The  disposition  which  certain  bodies,  of  different 
natures,  have  to  unite  when  mixed  together;  and 
by  which  they  form  substances  different  in  their 
appearances  and  properties  from  those  of  which 
they  are  composed. 

Is  the  term  affinity  of  the  same  signification 
with  that  of  attraction , so  often  used  by  Phi- 
losophers? 

No,  the  word  attraction  is  meant  to  express  the 
tendency  of  certain  bodies  to  approach  and  adhere 
to  each  other,  but  without  forming  any  real  union, 
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or  producing  any  change  of  substance;  attraction 
frequently  exists  between  bodies  of  the  same  na+ 
tare;  but  the  term  affinity,  is  meant  to  express  the 
tendency  of  bodies  of  distinct  and  opposite  natures 
to  enter  into  union,  and  form,  by  the  union,  new 
bodies. 

Have  all  bodies  an  affinity  for  each  other6* 

No,  some  have  no  tendency  to  unite  with  each 
other;  while,  on  the  contrary,  others  are  no  sooner 
brought  together,  than  a violent  action  ensues,  and 
they  are  perfectly,  and  sometimes  immediately, 
united. 

’ Can  you  produce  any  instance  of  that  difference V 

Yes,  if  sand  and  water  are  agitated  together  nevef 
so  violently,  they  do  not  at  all  unite , but,  when  suf- 
fered to  rest,  are,  found  perfectly  separate  from  each 
other;  the  same  will  take  place  when  oil  and  water 
are  mixed  together;  but  if  any  kind  of  salt  be  thrown 
into  water,  it  will  be  dissolvedy  will  disappear,  and 
be  united  to  the  water;  or  if  a piece  of  copper  be 
put  into  nitrous  acid,  or  aqua  fortis,  a violent 
effervescence  w ill  ensue,  accompanied  with  striking 
appearances,  the  copper  will  he  dissolved,  and  a new 
substance,  called  nitrate  of  copper,  will  be  the  pro- 
duce of  its  union  with  the  acid. 

Is  the  force  of  this  principle , which  you  term 
affinity y always  equal? 

No,  between  some  bodies  the  affinity  is  very  weak, 
while  others  are  so  strongly  held  together  by  it,  that 
it  is  exceedingly  difficult  to  separate  them. 
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Is  not  the  knowledge  of  this  difference  of  great 
importance  to  Chemists  ? 

Yes,  so  important  that  it  constitutes  the  very 
foundation  of  chemical  science,  since  without  it 
none  of  those  changes,  consisting  of  composition 
and  decomposition,  could  be  either  performed  or 
understood . 

By  what  means  do  Chemists  effect  a change  in 
the  body  under  examination? 

By  presenting  to  the  substance  they  intend  to 
operate  on,  some  other  substance  which  has  a 
stronger  affinity  for  one  of  its  component  parts  than 
that  by  which  they  are  held  together,  and  which  will 
therefore  detach  it  from  the  original  compound. 

Can  you  give  an  instance  of  this  difference  of 
affinity , and  its  effect , as  nozv  stated ? 

Yes;  if  you  take  spirit  of  wine,  in  which  a very 
considerable  proportion  of  camphor  has  been  pre- 
viously dissolved,  it  will  in  the  first  place  afford 
an  instance  of  simple  affinity,  for  the  spirit  will 
be  perfectly  transparent,  and  the  camphor  in- 
visible; if  now  clear  water  be  poured  in,  the 
different  degrees  of  affinity  will  be  exemplified,  for 
the  spirit  having  a stronger  affinity  for  the  water 
than  it  has  for  the  camphor,  will  unite  with  it;  the 
camphor  will  be  disengaged,  and  fall  in  the  form  of 
a white  cloud  to  the  bottom  of  the  vessel;  or  the 
same  may  be  shewn  by  dissolving  common  salt  in 
water,  and  then  pouring  in  spirit  of  wine,  when  the 
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salt  will  fall  to  the  bottom  of  the  vessel,  as  the  ; 
camphor  does  in  the  first  experiment. 

It  appears  then  that  all  the  operations  of  \ 
Chemistry  are  conducted  on  these  principles  t 

Yes,  the  original  combinations,  to  which  the 
forms  and  properties  of  the  bodies  were  owing, 
being  thus  destroyed  by  the  action  of  new,  and  more 
powerful  affinities,  new  substances  are  produced, 
differing  entirely,  both  in  appearances  and  properties, 
from  those  out  of  which  they  were  formed;  thus 
colours  are  produced  and  destroyed,  solids  become 
fluids,  and  fluids  become  solids ; corrosive  substances, 
by  their  action  on  each  other,  become  mild,  and 
mild  ones  become  corrosive. 

Name  one  or  two  of  the  most  striking  instances 
in  which  a change  of  colour  is  produced  by 
chemical  agency  ? 

If  I pour  boiling  water  on  a piece  of  red  cabbage, 
it  will,  when  poured  off,  have  little  or  no  colour, 
but  if  1 pour  some  of  this  water  into  two  glasses, 
and  then  pour  into  one  a solution  of  potass,  or  any 
other  alkalie , it  will  turn  of  a beautiful  green;  while- 
on  the  contrary,  if  I pour  into  the  other  a small 
quantity  of  sulphuric,  or  any  other  acid,  it  will 
appear  of  a lively  red  colour. 

Can  the  colours , thus  prepared,  be  again  changed 
or  destroyed ? 

Yes,  for  if  I now  pour  the  green  coloured  water 
into  a glass  containing  a small  portion  of  acid,  and 
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the  red  into  another  containing  a small  quantity  oF 
alkalie,  the  two  colours  will  be  changed,  as  if  by 
magic,  the  green  will  instantly  become  red,  and  the 
red  green. 

Can  you  produce  a coloured  fluid  by  the  mix- 
ture  of  two  colourless  ones . 

Very  easily,  if  I take  a weak  and  colourless  solu- 
tion of  nitrate  of  copper,  and  pour  into  it  a few  drops 
of  liquid  ammonia,  or  hartshorn,  which  is  likewise 
colourless,  the  mixture  will  immediately  appear 
Y>f  a beautiful  blue  colour,  which  colour  may  after- 
wards be  completely  destroyed,  and  the  fluid  ren- 
dered white  again,  by  only  pouring  a small  quantity 
of  sulphuric  acid  (oil  of  vitriol)  into  it;  in  this  last 
experiment  a curious  phenomenon  takes  place,  the 
sulphuric  acid,  being  heavier  than  the  liquor,  sinks 
to  the  bottom  of  the  glass,  and  destroys  the  colour 
there , while  the  upper  part  retains  its  blue  colour; 
but  if  the  whole  is  shaken  together,  all  the  colour 
disappears. 

It  was  stated  that  a change  of  fluids  to  solids > 
and  of  solids  to  fluids,  migh  t be  produced  by  the 
power  of  chemical  affinity. 

This  may  be  shewn  by  rubbing  in  a stone  mortar 
nitrate  of  ammonia  and  sulphate  of  soda,  or  Glauber's 
salt,  both  of  which  will  soon  lose  their  solid  form, 
and  become  perfectly  fluid;  on  the  other  hand,  if  a 
transparent  saturated  solution  of  sulphate  of  mag- 
nesia (Epsom  salt)  be  poured  into  a like  solution  of 
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caustic  potass,  the  mixture  will  immediately  become 
almost  solids  or  if  a saturated  soiution  of  carbonate 
of  potass  and  one  of  muriate  of  lime,  be  shaken 
together  for  one  or  two  seconds,  a still  more  solid 
substance  will  be  produced. 

Are  there  not  instances  of  solid  substances  formed 
by  the  union  of  two  gases ? 

Yes,  if  muriatic  acid  gas,  and  ammoniacal  gas 
are  mixed,  the  product  will  be  the  solid  substance 
called  muriate  of  ammonia,  or  sal  ammoniac. 

This  is  undoubtedly  a most  curious  experiment y 
but  is  there  not  some  difficulty  in  procuring  these 
gases  ? 

It  is  true  they  are  both  rapidly  absorbed  by  water, 
and  therefore  it  is  impossible  to  collect  them  in  any 
considerable  quantity,  without  a trough  tilled  with 
mercury  instead  of  water;  but  a quantity  of  each, 
sufficient  to  shew  the  experiment,  may  be  obtained 
in  a very  simple  and  expeditious  way:  if  you  take 
two  dry  wide  mouthed  vials,  and  rince  them  out, 
the  one  with  liquid  ammonia,  and  the  other  with 
muriatic  acid,  on  gently  heating  them,  a sufficient 
quantity  of  both  gases  will  be  raised  to  fill  the 
bottles,  when  they  may  be  corked  up,  and  kept  for 
sometime,  if  not  immediately  wanted;  on  taking 
out  the  corks,  and  inverting  the  one  over  the  mouth 
of  the  other,  dense  white  clouds  will  immediately 
appear,  and  fall  down  to  the  bottom  of  the  vial 
underneath;  this  is  the  salt  in  question. 
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It  was  observed  that  there  were  instances  of  mild 
substances  becoming  corrosive,  arid  the  contrary , by 
chemical  action . 

Instances  of  this  nature  are  numerous,  some  of 
the  most  remarkable  are  these;  if  dried  sulphate 
i of  iron,  or  green  vitriol  (sometimes  falsely  called 
copperas)  be  ground  in  a mortar,  with  an  equal 
quantity  of  nitre,  and  put  into  a retort,  the  nitrous 
acid,  or  aqua  fortis,  will,  on  the  application  of  zv 
lamp,  be  distilled  from  it,  which  is  a very  corrosive 
fluid,  though  the  two  solids  which  produced  it  were 
perfectly  mild ; the  formation  of  the  sulphuric  and 
muriatic  acids,  which  will  hereafter  be  described, 
likewise  afford  instances  of  corrosive  substances 
produced  from  mild  ones : on  the  other  hand,  if  half 
an  ounce  of  sulphuric  acid  (oil  of  vitriol)  be  poured 
on  an  ounce  of  potass  in  solution,  though  the  alkalie 
and  acid  are  both  corrosive,  yet  a mild  salt  will  be 
the  produce  of  the  mixture ; or  if  on  one  ounce  of 
caustic  soda,  be  poured  an 'ounce  of  muriatic  acid, 

I (spirit  of  salt)  the  produce  of  these  very  corrosive 
substances  will  be  muriate  of  soda,  that  is  the  com- 
mon salt  used  at  our  tables. 

Has  it  not  been  held  as  an  axiom  that  it  in 
necessary  for  the  chemical  action  of  bodies  on  each 
other , that  one  of  them  should  he  in  a fluid  state? 

It  has,  and  there  is  a striking  experiment  which 
is  usually  brought*  forward  in  proof  of  it  ; if  dry 
powdered  nitrate  of  copper  be  wrapped  up  closely 
in  a piece  of  tin  foil,  no  effect  follows,  but  it  it  be 
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moistened  by  a few  drops  of  water,  and  then  folded 
up,  a violent  effervescence  will  take  place,  sparks 
of  fire  will  be  thrown  out,  and  sometimes  the  tin 
foil  will  be  wholly  inflamed. 

In  describing  the  process  used  for  distilling 
nitrous  acid , the  application  of  heat  teas  mentioned; 
in  ztfiat  respects  is  heat  connected  with  chemical 
affinity,  and  in  what  manner  does  it  promote  the 
composition  or  decomposition  of  bodies  ? 

It  must  be  recollected  that  the  particles  of  all 
bodies,  when  simple  or  compound,  are  held  together 
by  some  bond  of  unions  if  a compound,  by  the 
affinity  of  its  component  parts  for  each  other;  if  a 
simple  body,  by  what  is  called  the  attraction  of 
aggregation,  which  in  many  cases  (as  the  metals  for 
instance)  is  exceedingly  strong ; now  calorie,  by  ex- 
panding all  bodies,  that  is,  by  forcing  their  particles 
farther  asunder,  weakens  or  destroys  the  original 
compact,  and  thus  prepares  the  way  for  new 
associations;  hence,  several  bodies  which  have  no 
tendency  to  combine  at  a low  temperature,  will 
feadily  combine  when  heated. 

Can  you  produce  an  instance  of  this? 

There  is  a very  curious  experiment  which  will 
prove  it;  if  a piece  of  iron  and  a roll  of  sulphur  be 
brought  into  contact,  they  do  not,  at  the  common 
temperature  of  the  atmosphere,  discover  the  least 
affinity;  if  the  iron  be  heated  to  redness,  the  sulphur 
will  be  inflamed,  and  fall  in  drops  to  the  ground ; 
but  no  union  will  take  place  unless  the  iron  is  brought 
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to  a white  heat,  then  if  the  sulphur  is  pressed  against 
it,  very  striking  appearances  immediately  follow, 
copious  and  brilliant  sparks  are  thrown  off  in  every 
direction,  the  iron  dissolves  like  wax  before  the  fire, 
and  the  two  substances  unite  with  almost  incredible 
rapidity,  forming  a new  one  called  sulphuret  of  iron, 
a substance  which  possesses  none  of  the  properties 
of  those  from  which  it  was  formed. 

Are  there  not  instances  of  two  substances , which 
have  no  natural  affinity  for  each  other , being 
made  to  combine  by  means  of  a third  substance  ? 

\es,  the  manufacture  of  soap  furnishes  an  instance 
of  this  nature,  in  which  water  and  oil,  or  "water  and 
tallow,  are  made  to  combine,  through  the  medium 
of  an  alkalie;  to  form  perfect  soap  requires  an 
operation  of  some  length,  but  the  nature  of  this  kind 
of  combination  may  be  easily  exemplified ; if 
water  and  oil  be  shaken  together,  they  will,  as  has 
been  observed,  separate  from  each  other  on  being 
suffered  to  rest;  but  if  to  these,  a solution  of  potass 
or  soda  be  added,  and  the  whole  be  now  shaken, 
they  will  combine,  and  a fluid  soap  will  be  formed: 
in  the  manufacture  of  hard  soap  tallow  is  used,  and 
oil  in  that  of  soft  soap. 

Is  this  the  only  instance  of  combinations  formed 
on  this  principled 

By  no  means ; the  dyers  are  indebted  to  it  in  no 
small  degree;  they  have  often  occasion  to  make  use 
of  colours  that  will  not  strike , as  the  workmen 
H 3 
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phrase  it,  that  is,  there  is  no  affinity  between  tlte 
colouring  matter,  and  the  material  intended  to  be 
coloured ; in  this  case, they  employ  certain  articles, 
(one  of  the  principal  of  which  is  allum)  w hich  they 
call  mordants,  and  which  hate  the  same  properties 
in  dying,  as  the  alkalies  in  soap-making,  they  unite 
the  colouring  substance  with  the  material  to  be 
dyed. 

Is  not  an  acquaintance  with  the  lares  of  chemical 
affinity  of  great  use  in  the  analysis  of  mineral 
waters ? 

The  whole  art  of  analysis,  and  especially  that  in 
Question,  entirely  depends  on  it. 

Is  that  of  mineral  waters  attended  with  dif- 
ficulty? 

Not  in  the  present  state  of  chemical  knowledge 
Chemists  being  acquainted  with  all  the  substances 
which  water  is  capable  of  holding  in  solution,  and 
with  the  affinities  of  those  substances  for  others,  the 
analysis  becomes  easy'. 

Can  you  produce  some  instances,  as  specimens  of 
these  truly  curious  operations ? 

Very  easily;  among  the  various  substances  held  in 
solution  by  water,  the  sulphuric  and  muriatic  acids 
frequently  occur;  the  w ater  of  the  Thames  and  other 
rivers,  communicating  directly  with  the  sea,  gener- 
ally, for  obvious  reasons,  contain  the  latter;  now 
muriatic  acid  has  a strong  affinity  for  silver,  if  there- 
fore a glass  be  filled  with  the  water  to  be  tried,  and 
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d few  drops  of  nitrate  of  silver,  or  a transparent 
solution  of  silver  in  nitrous  acid,  be  put  in,  the  acid 
will  unite  with  the  silver,  and  f orm  muriate  of  silver, 
which,  not  being  soluble  in  water,  will  appear  in 
the  form  of  a white  cloud,  more  or  less  dense,  ac- 
cording to  the  quantity  of  acid  in  the  water. 

Bi/  zvhat  means  can  the  sulphuric  acid  be 
detected ? 

The  sulphuric  acid  having  a stronger  affinity  for 
| the  heavy  earth  called  barytes,  than  for  any  other 
! known  substance,  you  have  only  to  substitute  the 
; nitrate  of  barytes  for  nitrate  of  silver,  and,  if  the 
! water  contains  sulphuric  acid,  a white  cloud  will 
appear,  and  fall  to  the  bottom  of  the  glass. 

Are  not  metallic  substances  sometimes  held  in 
solution  by  water  ? 

Yes,  and  they  may  be  detected  in  a similar  man- 
ner; iron,  for  instance,  is  known  to  have  a very 
strong  affinity  for  the  gallic  acid,  w ith  which  it  forms 
ink;  if  therefore  a solution  of  nut  galls  in  water  be 
put  into  any  water  containing  iron,  the  w ater  w ill  be- 
come of  a black  colour,  more  or  less  strong,  accord- 
ing to  the  quantity  of  iron  in  the  water,  and  the 
strength  of  the  solution  employed. 

Is  this  all  that  is  necessary  to  the  making  of 
ink ? 

No,  the  iron  being  so  much  heavier  than  the 
water,  would  in  a very  short  time  sink  to  the  bottom, 
and  leave  the  water  perfectly  white  and  transparent ; 
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to  prevent  which,  the  makers  of  ink  employ  a 
quantity  of  gum  to  thicken  the  solution,  and  thus 
keep  the  iron  from  being  precipitated;  but  this, 
though  it  lessens , does  not  remove  the  evil,  and  the 
best  ink  will  therefore  lose  its  colour,  if  it  be  not 
frequently  shaken. 

Is  the  acid  of  galls  the  only  one  for  which  iron 
has  a strong  affinity6? 

No,  the  experiment  may  be  elegantly  varied  by 
employing  prusiate  of  potass,  instead  of  a solution 
of  galls,  then,  if  the  water  contains  iron,  instead  of 
turning  black,  as  before,  it  will  exhibit  the  beautiful 
colour  of  the  prussian  blue . 

By  what  means  may  copper  be  detected  when 
held  in  solution  by  water ? 

A very  small  quantity  of  this  metal  is  sufficient  to 
tinge  a large  quantity  of  water  green , or  to  be  tasted 
by  the  tongue;  but  if  the  quantity  should  be  too 
minute  to  be  thus  detected,  it  may  be  discovered  by 
dropping  some  ammonia  (spirits  of  hartshorn)  into 
the  suspected  fluid,  which  will,  if  it  contains  copper, 
be  turned  to  a beautiful  blue. 

Are  those  kinds  of  inks  termed  sympathetic 
made  on  this  principle6? 

They  are ; for  if  any  thing  be  written  with  a solu- 
tion of  sulphate  of  iron  (green  vitriol)  in  water,  it 
will  when  dried  be  perfectly  invisible;  let  two  papers 
be  w ritten  with  this,  and  let  one  be  washed  by  a 
feather  dipped  in  a solution  of  galls,  and  the 
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writing  will  immediately  become  black,  let  the 
other  be  washed  with  prussiate  of  potass,  and  it 
becomes  blue. 

Since  the  knowledge  of  the  affinities  of  chemical 
agents  is  so  important , by  what  means  may  it  be 
most  easily  obtained ? 

There  are  tables,  the  result  of  much  and  laborious 
research,  called  tables  of  affinity , which  every 
student  should  consult,  and  which  are  to  be  met 
with  in  almost  every  chemical  book;  by  the  bare 
inspection  of  these,  all  the  affinities  of  different 
bodies  will  be  easily  understood. 

Have  not  Chemists  two  different  ways  of  ascer- 
taining the  composition  of  bodies ct 

Yes;  the  one  is  called  Analysis  the  other  Synthesis* 

What  is  the  meaning  of  these  terms  ? 

By  analysis , Chemists  mean  the  taking  any  thing 
to  pieces;  and  by  synthesis , the  putting  it  together; 
thus  water  is  proved  to  consist  of  hydrogen  and 
oxygen,  because  it  can  be  separated  into  those  two 
component  parts,  and  no  more;  this  is  called  the 
analytic  proof,  or  the  proof  by  analysis,  and  when 
these  two  substances  are  combined,  they  invariably 
produce  water,  and  hence  arises  what  is  termed  the 
synthetic  proof,  or  proof  by  synthesis;  when  both 
these  methods  agree,  their  combined  proofs  may  be 
considered  as  decisive. 

Recapitulate  what  has  been  said  on  the  lazvs  of 
chemical  affinity . 
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lirst.  It  does  not  exist  between  all  bodies. 
Secondly.  It  is  not  always  of  the  same  force  where 
it  doss  exist,  being  in  some  cases  very  strong,  and 
in  others  equally  weak.  Thirdly.  It  is  necessary, 
in  order  to  the  exertion  of  its  influence,  that  one  of 
the  bodies  should  be  in  a fluid  state.  Fourthly. 
Its  action  is  influenced  by  the  temperature  of  the 
bodies  on  which  it  acts;  and  lastly,  bodies  which 
have  no  natural  affinity,  may  be  brought  into  a state 
of  intimate  union,  by  the  interposition  of  other 
bodies. 
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CHAP.  VIII. 

✓ 

ON  ATMOSPHERIC  AIR,  AND  OTHER 

GASES. 


con- 


Hafing  examined  the  simple  bodies,  and  i 
sidered.  the  laws  of  chemical  affinity,  we  may  now 
proceed  in  the  application  of  those  laws  to  com- 
pound bodies;  and  among  these  scarcely  any  can 
be  more  interesting  than  the  air  zee  breathe , and 
zohich  is  usually , in  philosophical  language , termed 
atmospheric  air,  to  distinguish  it  from  other  airs  or 
gases , is  not  this  a compound? 

It  was  one  of  the  four  elements,  or  simple  bodies, 
of  the  ancient  chemists,  but  it  is  now  proved  to  be  a 
compound,  and  made  up  of  two  airs  or  gases,  oxy- 
gen and  nitrogen , with  a very  small  proportion  (one 
hundredth  part)  of  carbonic  acid  gas , which  latter 
however  is  not  essential  to  its  composition  but  is  ra- 
ther accidentally  mixed  with  it. 

In  what  proportion  are  the  tzeo  other  gases  com- 
bined in  it  ? 

There  are  about  77  parts  of  nitrogen,  to  22  of 
oxygen,  in  every  hundred  parts  of  atmospheric 
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What  part  does  the  oxygen  gas  act  in  this  com * 
position1 1 

It  is  the  oxygen  gas  as  has  been  stated,  which 
gives  to  air  when  breathed,  the  power  of  supporting 
animal  life  as  well  as  flame , without  its  presence 
animals  could  not  live , and  a candle  would  be  im- 
mediately extinguished;  as  the  remaining  part,  viz • 
nitrogen  will  not  support  either  flame  or  animal  life, 
but  is  equally  fatal  to  both. 

How  is  this  proved  ? 

Very  easily;  thus,/ let  a glass  tumbler  be  filled 
with  water  and  then  inverted  with  its  mouth  under 
the  water,  then  if  any  person,  by  means  of  a bent 
tube  introduced  under  it,  breathe  into  the  tumbler, 
the  air  expelled  from  the  lungs  will  displace  the 
water,  and  the  tumbler  will  appear  empty , though 
in  reality  filled  with  air  from  the  lungs;  let  the 
mouth  of  the  tumbler  be  closed  while  under  the  \ 
water  by  a saucer,  or  any  other  contrivance,  and 
when  taken  out  be  placed  in  its  usual  position ; if 
the  cover  be  now  removed  and  a lighted  wax  taper 
be  put  in,  it  will  be  immediately  extinguished. 

To  ensure  the  success  of  this  experiment , is  it 
not  necessary  to  keep  the  air  some  time  in  the  limgs 
before  it  is  breathed  into  the  tumbler  V 

Yes,  for  otherwise  but  little  of  the  oxygen  which 
the  air  contained  before  breathing,  will  be  ab- 
sorbed. This  is  proved  by  the  re-kindling  a candle 
immediately  after  it  has  been  blown  out,  as  it  is  the 
oxygen  remaining  in  the  air  we  have  breathed  which 
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re-kindles  the  flame.  The  properties  of  these  airs 
relative  to  the  support  of  combustion,  may  be  very 
prettily  illustrated  by  the  following  experiments;— 
provide  three  glasses,  let  the  first  remain,  as  na- 
turally, filled  with  common  air,  let  the  second  be 
filled  with  nitrogen  gas  by  breathing  the  air  from  the 
lungs  as  before,  let  the  third  glass  bo  filled  with 
oxygen  gas.  The  first  glass  may  be  left  open  at  the 
top,  but  the  two  others  must  be  covered  till  the 
moment  of  the  experiment,  with  any  thing  flat,  as  a 
piece  of  glass  for  instance,  to  prevent  the  atmosphe- 
ric air  from  mixing  with  those  in  the  glasses,  let  a 
small  candle  or  wax  taper  be  lighted,  and  burnt  till 
the  wick  on  blowing  out  the  flame  remains  red ; if 
now  the  lighted  taper  be  plunged  into  the  first  glass 
no  effect  will  be  produced,  the  taper  will  burn  as  in 
the  open  air,  plunge  the  taper  into  the  second  and 
the  flame  will  be  immediately  extinguished,  take  it 
out  quickly  while  the  wick  is  red,  and  on  plunging  it 
into  the  third  glass  the  flame  will  be  re-kindlpd  in 
the  prettiest  manner  that  can  be  conceived;  this 
experiment  may  be  repeated  three  or  four  times 
without  new  filling  the  glasses. 

Since  the  air  appears  to  be  indebted  to  the  oxy- 
gen it  contains  for  its  important  property  of  sup- 
porting flame  and  animal  life , would  not  those  pur- 
poses be  more  effectually  answered  if  the  nitrogen 
zeere  wholly  taken  away°l 

This  is  only  one  of  numerous  instances,  in  which 
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k may  appear  to  a superficial  observer,  that  the  ar- 
rangements of  the  Creator  might  admit  of  improve- 
ment, but  it  is  not  a very  easy  task  to  amend  his 
plan;  if  the  nitrogen  were  taken  away  and  nothing 
but  pure  oxygen  gas  remained  in  the  atmosphere, 
our  caudles  would  indeed  burn  much  brighter  than 
at  present,  for  they  would  burn  with  a splendour 
which  the  eye  could  not  long  endure,  they  would 
not  enlighten  but  blind  us,  and  they  would  haidly 
be  kindled  before  they  would  be  burnt  out ; animals 
too  would  breathe  most  delightfully  for  a short 
time,  but  that  delicate  machine  the  lungs  would  pre- 
sently be  worn  out,  and  the  now-  short  period  of  hu- 
man life  be  rendered  much  shorter  still. 

Nitrogen  then  anszcers.  the  purpose  of  diluting 
the  oxygen,  and  thereby  rendering  the  atmcspherie 
air  more  fit  for  the  purposes  for  which  it  is  in- 
tended? 

Yes,  besides  though  it  seems  merely  passive  in 
these  instances,  it  performs  very  important  offices  in 
others,  it  is  the  basis  of  a very  useful  acid,  the 
nitrous,  as  well  as  one  of  the  bases  of  ammonia,  and 
is  supposed  to  be  the  agent  which  the  Creator  em- 
ploys in  “ converting  vegetables  into  animal  sub- 
stances.” 

Was  not  nitrogen  gas  formerly  called  by  another 
name  ? 

Lavoisier  who  was  unacquainted  with  the  fact  of 
nitrogen  being  the  base  of  the  nitrous  acid,  called  it 


atmospheric  air. 


87 


azot,  and  its  gas  azotic  gas , from  its  property,  when 
breathed  alone,  of  depriving  animals  of  life:  but 
this  name  seems  defective  in  not  distinguishing  it 
from  other  gases,  as  the  cai  borne,  nitrous/  and  mu- 
riatic acid,  which  are  equally  fatal  to  animal  life. 

The  method  of  preparing  oxygen  gas  has  been 
already  given,  is  there,  any  method  of  preparing 
the  other  constituent  part  of  atmospheric  air , be- 
sides that  before  mentioned 't 

Yes,  if  a quantity  of  sulphur  and  iron  filings  are 
mixed  together  moistened  with  water,  and  then  put 
under  a giass  vessel  full  of  air,  it  will  in  a few  days 
absorb  all  the  oxygen  and  the  remainder  will  be 
pure  nitrogen  gas,  or  it  may  be  procured  more  con- 
veniently by  pouring  very  diluted  nit  ons  acid  on  a 
piece  of  muscular  flesh  and  applying  a heat  of  about 
100;  a great  quantity  of  air  is  emitted  which  is  ni^ 
trogen  or  azotic  gas,  and  may  be  received  in  proper 
vessels  for  experiment. 

Since  a small  portion  of  carbonic  acid  gas  enters 
into  the  composition  of  atmospheric  air , this  seems 
to  be  the  proper  place  for  enquiring  into  its  nature 
— What  then  are  the  properties  of  carbonic  acid 
gas? 

Carbonic  acid  gas  was  first  discovered  by  the  in- 
genious Dr.  Black,  to  whose  patient  and  accurate 
investigation  of  this  compound  both  the  English  and 
Foreign  chemists  are  not  a little  indebted,  having 
found  it  in  a fixed  state  in  lime  stone,  from  whence 
I 2 
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he  first  obtained  it,  he  gave  it  the  name  of  fixed 
air ; when  its  great  gravity,  which  is  to  atmospheric 
air  in  the  proportion  of  1500  to  1000  was  after- 
wards discovered,  it  obtained  the  name  of  heavy  air 
its  component  parts  not  being  then  known;  it  is  now 
proved  to  be  composed,  as  its  name  implies,  of  car- 
bon and  oxygen,  joined  with  caloric,  it  has  been 
ranked  by  authors,  (though  incorrectly  as  we  shall 
hereafter  see)  among  the  non  supporters  of  com- 
bustion, and  it  certainly  is  not  respirable. 

Then  the  opinion  which  formerly  obtained  of  the 
perfect  correspondence  between  the  support  of  com- 
bustion and  that  of  animal  life,  is  not  correct*? 

No,  for  though  it  is  certain  thaf  no  gas  which 
does  not  contain  oxygen  can  support  either,  yet  it 
may  happen,  that  certain  substances  may  have  suf- 
ficient affinity  for  oxygen  to  take  it  from  a gas,  when 
the  lungs  of  an  animal  cannot,  such  is  the  case  in 
the  present  instance,  as  the  future  consideration  of 
the  circumstances  attending  combustion  will  fully 
explain. 

Is  the  air  or  gas  zvhick  has  been  so  often  fatal 
to  dogs  and  other  animals  in  the  famous  Grotto 
del  Carina  in  Italy , of  this  nature l? 

Yes,  and  there  is  a very  curious  phenomenon  at- 
tending that  grotto,  for  a man  may  walk  in  with 
perfect  safety y but  if  his  dog  should  follow  him  the 
poor  animal  would  suffer  death . 

To  what  is  this  o icing  ? 
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The  superior  weight  of  this  gas,  as  before  mei> 
turned)  keeps  it  near  the  ground,  so  that  unless  it  is 
in  sufficient  quantity  to  fill  the  cave,  the  upper  part 
which  is  filled  with  the  common  air  of  the  atmos- 
phere is  harmless,  while  the  lower  part  where  the 
carbonic  acid  gas  is,  proves  fatal. 

From  what  materials  is  this  gas  extracted? 

It  is  very  abundant  in  nature,  it  is  this  gas  that  is 
formed  by  burning  charcoal , and  which  has  often 
proved  injurious  and  sometimes  fatal  to  the  work- 
men in  different  manufactories  where  charcoal  is 
burned  ; it  is  likewise  extricated  from  fermenting 
liquors , hence  the  accidents  that  have  happened  in 
consequence  of  persons  going  down  into  brewers’ 
vats  w here  liquors  have  been  fermenting ; and  it  is 
this  very  gas  that  has  so  often  proved  fatal  to  per- 
sons descending  into  deep  pits,  or  cellars,  where  ai 
quantity  of  chalky  matter  has  been  deposited. 

How  is  it  obtained  for  experiments ? 

It  is  usually  obtained  from  chalk  or  pounded 
marble,  both  of  w hich  are  carbonates  of  lime,  that 
is,  lime  in  combination  with  carbonic  acid,  by  pour- 
ing some  diluted  sulphuric  acid  on  the  chalk  or 
marble  in  a proper  vessel,  when  the  carbonic  acid 
gas  will  be  given  out  abundantly,  and  may  be  received 
over  water  for  experiment. 

Can  its  property  of  extinguishing  flame  be  easily 
exemplified ? 

Very  easily,  for  if  a tumbler  or  any  glass  vessel* be 
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filled  with  it  in  the  usual  way,  and  a lighted  taper 
be  let  down  into  it,  the  taper  will  be  immediately 
extinguished;  if  the  vessel  be  a little  agitated,  some 
of  the  gas  will  fall  over  its  sides,  as  water  would  do, 
and  the  taper  will  then  burn  at  the  top  of  the 
vessel,  but  will  be  extinguished  when  it  reaches  the 
lower  part  where  the  gas  is. 

Since  this  gas  is  so  much  heavier  than  common 
air,  would  it  not  be  possible  tv  pour  it  from  one 
vessel  to  another  ? 

Yes,  this  is  easily  done,  if  it  be  not  done  in  too 
much  haste,  and  accordingly  if  a lighted  taper  be 
held  in  a narrow  glass  vessel,  and  another,  which 
contains  this  gas,  be  gradually  inverted  over  it,  the 
taper  will  bp  extinguished,  which  shews  that  the 
gas  has  been  poured  from  the  first  vessel  into  that 
which  contained  the  taper,  and  to  furnish  still 
stronger  proof,  the  taper  may  now  be  let  down  into 
the  vessel  which  before  contained  the  gas,  and  it 
will  no  longer  be  extinguished,  as  before,  but  will 
burn  as  in  the  open  air. 

These  experiments  are  certainly  highly  interest - 
ingy  and  would  be  more  so  if  it  were  possible  to 
render  the  gas  visible. 

This  may  be  accomplished  by  throwing  a piece 
of  lighted  brown  paper,  or  any  other  smoaking  sub- 
stance, into  the  gas,  which  will  now  attract  the 
smoke,  and  by  that  means  its  height  in  the  vessel, 
its  indulatory  motion  when  the  vessel  is  agitated,  its 
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j escape  over  the  sides,  and  falling  to  the  ground,  and 
its  pouring  from  one  vessel  to  another,  will  be  per- 
fectly visible. 

Since  this  gas  is  so  fatal  to  animals  who  breathe 
it , does  not  this  prove  it  to  be  oj'  a very  poisonous 
nature (t 

Not  in  the  least;  it  is  not  only  innocent , but  even 
I salutary , when  taken  into  the  stomach;  but  if  at- 
tempted to  be  breathed,  it  destroys  life,  not  by  any 
corrosive  or  poisonous  quality,  but  by  preventing  the 
atmospheric  air  from  entering  the  lungs,  in  the  same 
manner  that  water  does  in  drowning,  which,  never- 
theless, has  no  poisonous  quality. 

Is  there  not  a lzc ays  some  of  this  gas  in  the  air 
that  is  exhaled fr om  the  lungs V 

Yes,  a portion  of  it  is  generated  in  breathing. 

Since  there  is  always  a portion  of  carbonic  acid 
gas  exhaled  from  the  lungs , and  since  nitrogen , 
ivhen  separated  from  the  oxygen  with  which  it  is 
combined  in  atmospheric  air , is  of  a deleterious 
nature , must  it  not  follow  that  the  air  of  rooms , 
or  public  places , zohere  many  persons  are  assembled , 
must  be  very  unwholesome  t 

Nut  only  would  crouded places  be  unwholesome, 
but  considerable  inconvenience  would  in  all  cases 
arise  from  our  being  compelled  to  breathe  a second 
time  the  air  we  had  already  inhaled,  but  the  short 
space  between  the  expiration  and  inspiration,  affords 
sufficient  time  for  the  nitrogen  gas,  which  is  some- 
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vvliat  lighter  than  common  air,  to  rise  above  the 
mouth,  while  the  carbopic  acid  gas,  which  is  much 
heavier,  sinks  below,  and  thus  all  ill  consequences 
are  by  this  simple  contrivance  prevented. 

Can  any  method  be  taken  to  prevent  the  mischiefs 
which  happen  to  persons  going  into  vats  or  pits 
where  this  gas  is  found ? 

Those  disasters  are  easily  prevented;  we  have 
seen  that  a candle  will  not  burn  in  this  gas,  we  have 
therefore  only  to  let  down  a candle  to  the  bottom  of 
the  pit  or  vat;  if  it  burns , all  is  safe,  if  the  contrary, 
the  extinction  of  the  caudle  proves  that  there  is 
some  of  this  gas  present,  you  have  only  to  throw  in? 
a quantity  of  quick  lime,  sprinkled  with  water,  this 
will  soon  absorb  the  carbonic  acid,  for  which  it  has 
a very  powerful  affinity,  and  on  letting  down  a candle 
again,  its  burning  will  prove  that  the  descent  may 
now  be  made  with  safety;  in  the  mean  time,  as  the 
gas  always  keeps  at  the  bottom,  there  is  no  danger 
to  be  apprehended  from  a person  looking  into  the 
pit;  you  may  even  ascertain,  by  letting  down  the 
candle  slowly ,.  how  high  the  gas  reaches. 

The  gases  which  compose  our  atmospheric  airr 
together  with  the  oxygen , hydrogen , nitrogen , 
carbonic  acid , and  amrnoniacal  gases , having,  been 
described , are  there  any  others  zvhose  peculiar 
properties  render  them  deserving  of  particular 
Mention? 

Yes,  there  are  several,  among  which  may  be 
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reckoned  the  fluoric  acid  gas,  which  possesses  the 
very  singular  property  of  dissolving  silex,  the  earth  of 
which  glass  is  made,  and  of  corroding  glass  itself; 
j but  this  will  more  properly  be  considered  when  we 
I come  to  speak  of  the  acids. 

In  describing  the  properties  of  oxygen  gas , you 
observed  that  its  effects  in  breathing  were  of  an 
exhilarating  nature , is  there  not  another  kind  of 
gas  which  possesses  the  same  property? 

Yes,  and  in  a much  greater  degree,  from  whence 
it  has  been  called  exhilarating  gas,  but  its  proper 
name  is  gaseous  oxyd  of  nitrogen,  or  nitrous  oxyd; 
it  is  said  to  occasion  a rapid  flow  of  delightful  ideas, 
as  well  as  an  irresistible  propensity  to  laughter;  and 
it  often  occasions  such  a degree  of  muscular  exertion 
in  attempting  to  leap,  &c.  that  it  is  very  difficult  to 
hold  the  person  who  has  inhaled  a sun  cient  quantity 
of  it;  its  effects,  however,  are  very  different  on 
different  subjects , on  some  persons  it  has  no  visible 
effect,  w hile  others  are  affected  to  such  an  astonishing 
<legree,  as  to  occasion  no  small  alarm  in  the  minds 
of  those  w ho  have  never  before  witnessed  its  effects. 

In  what  manner  is  it  prepared? 

It  is  distilled  from  nitrate  of  ammonia,  which  is 
prepared  by  saturating  nitrous  acid  with  carbonate 
of  ammonia;  when  this  is  put  into  a glass  retort,  and 
the  heat  of  a lamp  applied,  the  gas  comes  over  very 
plentifully,  and  is  to  be  collected  as  usual  over 
water;  when  it  is  used,  a bladder,  with  a pipe  for 


94 


OXY-MURIAT1C  ACID  GAS. 

the  mouthy  is  to  be  filled  with  it,  the  person  who  is 
to  breathe  it  must  previously  empty  his  lungs,  as  far 
as  possible,  of  air,  and  holding  his  nostrils,  inhale 
the  gas  from  the  bladder  until  it  begins  to  take  effect , 
after  which  no  direction  is  wanting,  as  the  person 
generally  receives  it  with  great  avidity,  and  will  not 
suffer  the  bladder  to  be  taken  from  his  mouth,  until 
the  operation  of  the  gas  begins  to  decrease:  it  is 
worthy  of  remark,  that  those  who  have  once  breathed 
it,  are  generally  exceedingly  desirous  of  repeating 
the  experiment. 

Docs  it  appear  that  any  ill  consequences  have 
ever  arisen  from  it  f 

No,  on  the  contrary,  those  who  have  been  most 
powerfully  affected,  when  the  effects  have  subsided, 
(as  they  gradually  do  after  two  or  three  minutes,)  have 
declared  that  it  leaves  a pleasing  kind  of  disposition 
to  action^  w hich  is  not  followed  by  any  langour  or 
debility. 

Was  not  Mr.  Davy  the  first  person  rvho  ventured 
to  breathe  ite£ 

Yes,  and  he  has  since  been  in  the  habit  of  inhaling 
it  very  frequently,  without  the  least  ill  effect. 

Is  there  not  a gas  in  which  combustibles  take  fire 
spontaneously  ? 

Yes;  it  is  properly  called  hyper  oxygenized 
muriatic  acid  gas,  but  the  frightful  length  of  this 
name  has  occasioned  its  reduction  to  oxy  muriatic ; 
it  is  usually  prepared  by  distillation  from  eight 
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ounces  of  muriatic  acid,  and  four  of  manganese,  or 
eight  ounces  of  common  salt,  three  of  manganese, 
and  four  of  vitriolic  acid,  diluted  with  an  equal 
1 quantity  of  water,  using  a glass  retort,  and  when  the 
I gas  slackens  applying  the  heat  of  a lamp;  it  may  be 

I collected  over  water  like  the  other  gases,  but  as  it  is 
of  a very  suffocating  nature,  care  must  be  taken  that 
little  or  uone  of  it  escapes,  so  as  to  be  taken  into  the 
lungs . 

If  notwithstanding  all  possible  care , some  of 
the  gas  should  escape , what  is  to  be  done  to  prevent 
its  bad  effects  ? 

This  is  certainly  liable  to  happen;  in  this  case 
the  operator  must  use  all  practicable  precaution, 
such  as  keeping  as  far  as  possible  from  the  appa- 
ratus, or  holding  his  breath  when  he  approaches  it; 
but  when  it  is  known  to  have  escaped  into  the  air 
of  the  room,  its  deleterious  effects  may  be  pre-? 
vented,  and  itself  indeed  neutrallized , by  letting 
some  ammoniacal  gas  into  the  room,  or  even  by 
sprinkling  some  liquid  ammonia  in  the  air. 

Describe  the  properties  of  this  gas. 

Its  effects  in  bleaching  are  very  powerful,  as  may 
be  shewn  by  exposing  coloured  linen  to  its  action, 
for  if  a piece  of  almost  any  coloured  linen  be  put 
into  ajar  of  this  gas,  the  colour  will  in  a very  short 
time  disappear,  and  the  linen  be  rendered  perfectly 
white ; ink  spots,  and  the  stains  of  fruit,  red  w ine, 
&c.  may  in  like  manner  be  discharged  by  it. 
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IIqw  may  the  power  of  this  gas  in  producing 
spontaneous  combustion  be  shewn0* 

You  have  only  to  throw  the  combustible  into  a 
jar  filled  with  this  gas,  and  it  will  immediately  take 
fire , without  previously  heating;  if  a leaf  of  dutch 
gold  be  thrown  into  it,  it  burns  in  an  instant,  or  if 
powdered  antimony  is  sprinkled  into  it,  it  exhibits 
the  beautiful  appearance  of  a shower  of  fire;  other 
metals  may  be  burnt  in  it,  but  it  is  necessary  they 
should  be  in  thin  leaves,  or  else  m powder  or 
filings. 
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CHAP.  IX. 
ON  WATER . 


In  the  enumeration  of  simple  bodies  it  was 
observed,  that  water,  though  by  the  ancient  Che- 
mists considered  as  simple,  was  now  proved  to  be 
compound  —What  then  are  the  materials  that  enter 
into  its  composition^ 

Water  is  composed  of  oxygen  and  hydrogen,  in 
the  proportion  of  85  parts  of  the  former  to  15  of 
the  latter  in  every  100  parts  of  water. 

By  what  means  is  the  composition  of  water 
ascertained ? 

Both  by  analysis  and  synthesis;  it  was  stated,  in 
describing  the  means  by  which  hydrog'en  gas  is 
formed,  that  if  iron  or  zinc  filings  be  put  into  diluted 
sulphuric  acid,  hydrogen  gas  will  be  set  at  liberty ; 
there  is  here  a real  decomposition  of  the  water;  its 
oyxgen  combines  with  the  metal,  while  the  hydrogen 
is  consequently  liberated,  and  united  to  caloric,  in 
the  form  of  gas  ; if  this  experiment  is  made  in  a vial, 
and  a cork  with  a piece  of  tobacco-pipe  is  fitted 
air  tight  into  it,  the  gas,  as  it  issues  from  the  vial, 
may  be  set  on  fire,  and  will  continue  to  burn  as  long 
as  any  gas  rises;  this  has  been  called  the  philoso. 
phical  candle. 
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Cannot  water  be  decomposed , so  as  to  shew  its 
composition , without -the  use  of  sulphuric  acid? 

Yes , if  it  be  made  to  pass,  in  the  state  of  vapour  or 
steam,  through  a red  hot  tube  in  which  some  iron 
filings  are  placed  ; the  iron,  as  in  the  last  experiment, 
will  seize  the  oxygen,  the  hydrogen  gas  will  come  over, 
and  may  be  burned  as  in  other  cases.  Lavoisier 
was  one  of  the  first  who  ascertained  the  composition 
of  water  by  a process  similar  to  this,  but  instead  of 
iron  filings,  he  used  charcoal,  the  consequence  was 
that  though  the  water  was  decomposed,  by  the 
charcoal  taking  away  its  oxygen,  yet  the  gas  given 
out  was  not  hydrogen , but  carbonic  acid  gas,  being 
composed  of  oxygen  and  carbon. 

These  experiments  certainly  prove  that  hydrogen 
is  one  of  the  component  parts  of  water,  but  as  for 
the  existence  of  oxygen,  especially  in  so  large  a 
proportion  as  that  zvkich  has  been  stated,  does  it 
not  seem  to  be  rather  in  these  cases  taken  for  < 
granted,  than  fairly  proved? 

By  no  means,  for  if  the  metal  be  examined  after 
the  experiment,  it  will  be  found  that  its  weight  is  in- 
creased, its  surface  corroded,  and  no  longer  metallic; 
it  is  in  fact  an  oxyd,  and  if  a sufficient  quantity  could 
be  collected,  put  into  a retort,  and  exposed  to  a red 
heat,  oxygen  gas  might  be  obtained  from  it,  as  it 
now  usually  is  from  the  rust  or  oxyd  of  manganese; 
but  as  oxygen  when  solid  occupies  so  much  smaller 
space,  than  when  combined  with  hydrogen  in  a fluid 
state,  it  cannot  be  expected  that  any  considerable 
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quantity  should  be  found'  in  combination  with  the 
metal. 

How  is  the  composition  of  water  proved  by 
synthesis? 

If  the  two  gases  are  mixed  together  in  the  propor- 
tion before  stated,  and  an  electric  spark  passed 
through  them,  they  will  entirely  disappear,  and  no- 
thing but  a small  quantity  of  water  will  remain  in 
the  vessel. 

As  this  experiment  must  necessarily  require  some 
nicety , and  a complicated  apparatus , cannot  the 
fact  be  proved  in  an  easier  way(l 

Yes,  if  any  glass  vessel  be  held  over  the  flame  of 
hydrogen  gas,  the  hydrogen  will  combine,  as  in  all 
the  usual  cases  of  combustion,  with  the  oxygen  of 
the  atmosphere,  and  water  will  he  formed,  which 
will  appear  on,  and  trickle  down,  the  sides  of  the 
vessel.  If  a glass  tube  of  not  less  than  an  inch 
diameter,  and  about  two  foot  long,  be  used,  there 
will  not  only  be  water  formed  on  its  sides,  but  a 
very  singular  sound  will  accompany  the  phenomena, 
somewhat  resembling  (though  less  soft)  that  pro- 
duced by  the  oeolian  harp. 

Has  hydrogen  any  other  remarkable  properties 
besides  that  of  forming  water  by  its  union  with 
oxygen  f 

Yes,  in  the  state  of  gas  it  has  the  property,  as  be- 
fore observed,  of  dissolving  and  holding  in  solution 
several  substances,  as  sulphur,  charcoal,  phosphorus, 
with  which  it  forms  sulphurated,  carbonated,  and 
phosphorated  hydrogen  gas,  the  latter  of  which  is 
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exceedingly  inflammable,  that  it  takes  lire  the  instant 
it  comes  into  contact  with  the  air. 

Its  formation  then  must  furnish  a very  curious 
experiment , hozo  is  it  produced  ? 

By  putting  a piece  of  phosphorus  into  a small 
retort,  nearly  filled  with  a strong  solution  of  pure 
caustic  potass,  and  immersing  the  beak  of  the  retort 
under  water;  if  the  heat  of  a lamp  be  now  applied, 
and  the  solution  be  made  to  boil,  bubbles  of  phos- 
phorated hydrogen  gas  will  be  evolved,  which  will 
take  fire  the  instant  they  reach  the  surface  of  the 
water,  and,  if  the  air  of  the  room  be  tolerably  still, 
curious  coronets  of  smoke  will  be  formed  by  the 
bursting  of  the  bubbles. 

What  is  the  comparative  gravity  of  hydrogen 
gas? 

It  is  about  thirteen  times  lighter  than  common 
air. 

How  can  this  be  proved? 

To  ascertain  precisely  the  gravity  of  this  or  any 
other  gas,  requires  much  attention,  and  a very  ^deli- 
cate apparatus ; but  that  hydrogen  is  considerably 
lighter  than  common  air  may  be  very  easily  proved 
in  several  ways;  for  instance,  if  to  a bladder  con- 
taining some  hydrogen  ^gas,  a common  tobacco-pipe 
be  attached,  and  soap  bubbles  be  blown,  they  will, 
w hen  detached  from  the  pipe,  be  seen  to  rise  rapidly 
in  the  air,  and  break  against  the  ceiling  of  the  room; 
if  a candle  be  held  to  them  while  rising,  they  will 
take  fire  and  burst;  it  is  on  account  of  the  lightness 
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of  this  gas,  that  it  has  been  employed  for  the  pur- 
pose of  tilling  air  balloons. 

When  it  is  Jiredy  is  its  inflammation  attended 
with  explosion? 

Not  unless  it  be  mixed  with  oxygen,  or  any  gas 
containing  oxygen,  (as  atmospheric  air);  but  if 
bubbles  be  blown,  by  means  of  a bladder  containing 
a mixture  of  the  two  gases,  in  the  proportion  of 
] about  one  part  of  oxygen  to  two  of  hydrogen,  they 
will,  on  setting  fire  to  them,  explode;  if  a number 
of  bubbles  are  formed  together , by  immersing  the 
pipe  in  soap-suds  in  a bason,  the  report  will  be  very 
loud. 

In  stating  the  proportions  of  oxygen  and  hydro- 
gen in  water , it  was  said  that  85  parts  of  the 
former  were  combine d with  15  only  of  the  latter, 
how  is  it  then  that  in  mixing  the  two  gases,  the 
proprotions  are  reversed,  and  oxygen , instead  of 
being  in  the  large  proportion  of  near  six  to  one, 
is  reduced  to  only  one  half  the  quantity  of  the 
hydrogen? 

The  proportions  of  the  two  substances  in  water 
were  stated  by  weight,  but  when  speaking  of  the 
mixture  of  the  two  bodies  in  the  state  of  gas,  the 
bulk  only  was  regarded;  the  volume  or  bulk  of  a gas 
depends,  not  on  the  quantity  of  the  original  matter 
which  it  contains,  but  on  the  quantity  of  caloric 
combined  with  it;  caloric  is  an  imponderable  sub- 
stance, and  consequently  the  more  of  this  any  other 
substance  requires  to  bring  it  to  a gaseous  state, 
K 3 
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die  lighter  will  the  gas  be;  oxygen  gas  is  rather 
heavier  than  atmospheric  air,  but  hydrogen  gas,  it 
will  be  -recollected,  is  twelve  or  thirteen  times 
lighter. 

Are  oxygen  and  hydrogen  capable  of.  uniting , 
as  is  the  case  in  other  instances,  in  different  pro- 
portions ? 

No,  for  though  oxygen  will  unite  with  nitrogen 
and  several  other  bodies  in  different  proportions,  yet 
with  hydrogen  it  will  combine  only  in  out  and 
water  is  always  the  product  of  their  union. 

In  speaking  of  oxygen,  it  teas  stated  to  be  the 
general  principle  of  acidity;  now  as  acids  owe  their 
corrosive  nature  to  the  oxygen  they  contain , does 
it  not  seem  to  follow  that  water , which  contains  so 
large  a portion  of  oxygen,  even  greater  than  that 
of  nitrous  acid,  should  be  a very  corrosive  fluid, 
instead  of  a mild  and  tasteless  one  ? 

It  must  be  recollected  that,  as  in  the  case  of  heat , i 
bodies  appear  hot , and  actually  heat  us,  not  in  pro- 
portion to  the  caloric  they  contain , but  in  propor- 
tion to  that  which  they  impart;  so  the  acids  are 
corrosive , not  because  they  contain,  but  because 
they  give  out,  oxygen;  water  would  indeed  be  a 
most  dreadful  poison,  instead  of  a salutary  beverage, 
had  not  the  Almighty  bound  its  ingredients  together 
by  a force  not  easily  broken;  the  affinity  of  oxygen 
for  hydrogen,  with  which  it  is  combined  in  water, 
is  much  greater  than  its  affinity  for  nitrogen,  which 
it  is  united  to  in  nitrous  acid  ; and  hence  it  is  that  * 
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the  former  is  not  corrosive,  though  containing  so 
large  a portion  of  oxygen,  while  the  latter,  though 
containing  less,  is  most  dreadfully  so. 

It  was  stated,  when  speaking  of  the  properties  of 
caloric,  that  its  most  general  effect  is  the  expan- 
sion of  all  bodies  into  which  it  enters — is  not 
water  very  much  expanded  when  raised  into 
steam  f 

Yes,  it  occupies  no  less  than  1200  times  the 
space  which  it  filled  when  in  its  fluid  state,  or  below 
the  temperature  of  212  degrees. 

Is  not  water , at  a certain  temperature , an  ex- 
ception to  the  general  rule ? 

Yes,  water  furnishes  a very  remarkable,  and  very 
merciful  exception,  for  though  above  42|  degrees, 
it  obeys  the  general  law',  yet,  when  cooled  below 
that  standard,  it  obeys  no  longer,  but  expands’ as  it 
cools,  and  in  the  solid  state  of  ice,  actually  occupies 
a larger  space  than  when  it  was  fluid. 

This  is  indeed  a wonderful  circumstance,  but 
how  is  it  proved  f 

By  the  swimming  of  ice  on  water,  which  could 
not  happen,  unless  its  specific  gravity  -were 
lessened,  or,  which,  is  the  same  thing,  its  bulk 
increased. 

What  would  have  been  the  consequence  of  sub- 
jecting water , at  all  temperatures,  to  the  general 
law % , 

The  consequence  would  have  been,  that  when 
the  surface  of  the  water  was  become  ice,  instead  of 
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presenting,  as  it  now  does,  a kind  of  barrier  between 
the  cold  air  and  the  water  underneath,  it  would  have 
sunk  to  the  bottom,  and  thus  by  exposing  con- 
tinually fresh  sui faces  to  the  action  of  the  cold  air, 
our  rivers  would  soon  have  become  totally  solid,  out 
fish  must  have  died,  and  a very  considerable  time 
must  have  elapsed  before  the  waters  so  frozen  could 
have  been  thawed;  perhaps  the  whole  heat  of  our 
summers  would  not  have  been  sufficient  t©  have 
effected  it— What  an  admirable  contrivance  of  divine 
Providence  is  this  exception  from  an  otherwise 
general  law  of  nature. 

Have  not  some  interesting  experiments  been  made 

on  this  singular  property  in  water? 

Yes,  iron  shells  and  cannon  have  been  filled  with 
water  and  closed  up,  and  afterwards  exposed  to  a 
degree  of  cold  sufficient  to  freeze  the  water,  and  so 
astonishing  has  the  force  been  found,  with  which  it 
expand?  in  the  act  of  freezing,  that  it  has  invariably 
burst  its  strong  inclosures,  nor  does  it  appear  that 
any  force  is  capable  of  confining  it. 
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ON  ACIDS. 


TV HAT  are  the  characteristics  of  an  Acid? 

The  first  property  by  which  acids  are  distinguished 
from  other  bodies,  namely,  their  sour  taste,  is  univer- 
sally known ; their  second  property  is  the  changing 
vegetable  blue  colours  to  red;  it  has  been  already 
stated,  that  the  alkalies  also  are  known  by  their  effects 
on  vegetable  colours,  but  the  same  blue  which  an 
alkalie  would  turn  to  green , is  by  an  acid  changed 
to  red , and  thus  the  presence  of  e ther  of  these 
bodies  in  any  solution  may  be  easily  detected;  the 
common  purple  paper,  such  as  sugar  loaves  arc 
wrapped  in,  will  answer  very  well  for  common 
purposes,  it  turns  red  with  most  of  the  acids,  and 
though  the  alkalies  do  not  change  it  to  green , yet 
they  destroy  the  red  colour  given  by  the  acid,  and 
restore  the  purple  colour;  but  one  of  the  best  tests, 
because  the  most  delicate,  is  obtained  by  pouring 
boiling  water  on  red  cabbage,  this,  as  we  have  seen, 
when  considering  the  effects  of  chemical  affinity, 
will  be  turned  by  an  alkalie  into  a beautiful  green, 
w hile  an  acid  will  change  it  to  a lively  red. 
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Is  there  not  another  property  by  which  acids 
are  known ? 

From  what  has  been  already  said  on  the  properties 
of  an  alkalie,  it  will  be  inferred  that  a third  property 
of  the  acids  is  their  effervescing  with  alkaline  sub- 
stances, for  whenever  an  alkalie  is  put  into  an  acid 
solution,  a visible  commotion  ensues,  a hissing 
noise  is  heard,  and  numerous  bubbles  rise  to  the 
surface  of  the  fluid,  and  when  all  is  quiet,  if  the 
alkalie  and  acid  have  been  properly  proportionedy 
it  will  be  found  that  the  two  opposite  substances 
have  neutralised  each  other,  and  the  solution  is 
neither  alkaline  or  acid;  this  fact  may  be  easily 
exemplified  by  tinging  some  water  (not  less  than 
three  or  four  ounces)  with  any  of  the  vegetable  blues 
before  mentioned,  add  some  solution  of  potass,  and 
it  will  be  green,  indicating  the  presence  of  an  alkalie, 
but  by  cautiously  dropping  in  any  diluted  acid,  the 
green  colour  may  be  made  to  disappear,  and  the 
original  colour  be  restored,  because  the  alkalie  in 
the  solution  is  saturated  by  the  acid,  that  is  to  say, 
its  alkaline  property  is  destroyed,  and  it  therefore 
no  longer  effects  the  colour:  the  counter  part  of  this 
experiment  may  be  shewn  by  first  tinging  the  solu- 
tion red  by  an  acid,  and  then  destroying  that  red,  and 
restoring  the  original  blue  by  dropping  in  by  slow 
degrees  a w eak  solution  of  an  alkalie;  thus  proving 
that  the  alkalies  and  acids  mutually  act  on,  and 
destroy  each  other:  such  are  the  marks  laid  down 
for  ascertaining  when  any  substance  is  of 7 an  acid 
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nature,  or  contains  any  acid,  but  it  must  be  ob- 
served, that  all  the  bodies  of  this  class  do  not  possess 
all  these  qualities  in  an  equal  degree,  and  in  some 
cases  there  is  a deficiency  of  at  least  one  of  them. 

It  was  stated  that  one  of  the  properties  of  an 
acid  is  to  change  the  vegetable  blues  to  red , then 
it  is  only  the  blue  colours  zvhich  are  produced  from 
vegetables  that  are  so  changed— can  you  exemplify 
this  by  experiment  V 

Yes,  if  some  tincture  of  litmus,  or  infusion  of 
red  cabbage,  be  put  into  one  glass,  and  some  of  the 
blue  liquor  produced,  as  before  mentioned,  by 
dropping  ammonia  into  a solution  of  nitrate  of 
copper,  be  put  into  the  other,  very  different  effects 
will  follow  on  dropping  a little  muriatic  or  any 
acid  into  each,  for  the  vegetable  colour  will  be 
turned  red , but  the  metallic  one  will  be  totally 
destroyed . 

How  many  acids  are  there  ? 

The  acids,  at  present  known,  amount  to  about 
thirty , but  when  it  is  considered,  that  though  there 
is  but  one  acidifying  principle , yet  that  one  is 
capable  of  combining  with  a variety  of  substances, 
both  simple  and  compound,  so  as  to  form  a sub- 
stance which  may  exhibit  at  least  some  acid  pro- 
perties, it  is  therefore  impossible  to  say  to  what 
j extent  the  list  of  acids  may  hereafter  be  carried: 
perplexed,  however,  as  this  branch  of  chemistry 
may  at  first  sight  appear,  there  is  at  least  this  con- 
i solution,  that  if  an  acquaintance  with  all  the  acids 
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is  a matter  of  some  difficulty,  it  is  happily,  to  the 
young  Chemist,  a matter  of  no  great  importance; 
it  is  in  fact  with  the  acids,  as  with  the  metals  and 
earths,  some  of  them  are  mere  play-things,  and 
others  are  only  used  as  tests,  or  re-agents,  as  they  are 
called,  to  determine  the  nature  of  other  substances, 
and  that  perhaps  only  in  a single  instance. 

TV  hat  then  are  the  principal  acids ? 

The  principal  acids  are  the  Sulphuric,  Nitric, 
Muriatic,  Acetous,  Carbonic,  Fluoric,  Prussic,  and 
Phosphoric. 

How  is  the  Sulphuric-  acid  made ? 

It  was  formerly  distilled  from  sulphate  of  iron, 
which  being  called  green  vitriol , and  the  acid  drawn 
from  it  being  a very  heavy  fluid,  was  absurdly  called 
oil  of  vitriol ; the  manufactories  where  sulphuric 
acid  is  made,  are  still  called  vitriol  works;  but  it  is 
now  made  by  burning  sulphur  in  a leaden  chamber, 
in  which  water  is  contained,  the  acid  vapour  as  it 
arises  is  absorbed  bv,  and  condensed  in,  the  Abater, 
which  is  rendered  acid  by  it,  and  being  afterwards 
concentrated  by  boiling,  forms  sulphuric  acid;  a 
certain  quantity  of  nitre,  in  the  first  instance,  is 
added  to  the  sulphur,  for  the  purpose  of  furnishing 
more  oxygen  than  the  air  of  the  chamber  would 
yield. 

What  are  the  principal  properties  of  this  acid (f 

It  is  naturally  colourless , but  if  any  carbonacious, 
or  combustible,  matter,  as  a cork,  or  piece  of  wood 
or  paper,  comes  into  contact  with  it,  it  becomes 
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dark  coloured,  though  without  injury  to  its  pro- 
perties; it  has  no  smell,  but  is  highly  corrosive;  if  a 
drop  of  it,  especially  when  diluted,  fall  on  linen  or 
woollen  cloths,  it  almost  immediately  makes  a hole; 
it  has  the  striking  property  of  elevating  the  tem- 
perature of  water  very  considerably,  when  suddenly f 
mixed  with  it ; four  parts  (by  weight)  of  this  acid, 
mixed  with  one  of  water,  will  produce  a beat  equal 
to  300  degrees,  which  is  88  above  boiling  water, 
and  if  a thin  glass  tube  containing  water  be  im- 
mersed in  it,  the  water  will  be  seen  to  boil. 

H hat  are  its  principal  combinations '( 

It  acts  very  powerfully  on  some  of  the  metals; 
with  iron,  which  in  a diluted  state  it  rapidly  dis- 
solves, it  forms  the  green  salt  vulgarly  called  cop - 
peras,  but  properly  sulphate  of  iron;  it  acts 
likewise  as  powerfully  oh  zinc,  and  with  it  forms 
sulphate  of  zinc,  which  has  been,  ridiculously 
enough,  called  white  copperas;  in  common  with 
the  other  acids,  it  unites  with  the  alkalies  and  alka- 
line substances,  forming,  according  to  the  substances 
it  unites  with,  sulphate  of  soda,  or  Glauber’s  salt, 
sulphate  of  lime,  or  plaster  of  Paris,  sulphate  of 
magnesia , or  Epsom  salts.  See. 

Does  sulphur  combine  with  oxygen  in  different 
proportions ? 

\ es,  with  a less  proportion  of  oxygen  than  is 
required  for  the  formation  of  sulphuric;  it  forms 
what,  in  the  new  nomenclature,  is  termed  sulphurows 
acid.  ’ ->-■ 
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Do  the  two  acids  differ  in  any  other  respects 
than  the  degrees  of  strength  or  acidity  ? 

\es,  contrary  to  what  would  have  been  supposed, 
their  properties  are  different ; sulphuric  acid  has  no 
smell,  sulphurous  has  a very  suffocating  one;  sul- 
phunc  acid  changes  the  vegetable  blues  to  red,  but 
the  sulphurous  destroys  this  and  every  other  colour, 
and  leaves  the  coloured  substance  white ; hence,  says 
Mr.  Parkes,  if  a red  rose  be  held  in  the  fumes  of  a 
brimstone  match,  the  colour  will  soon  begin  to 
change,  and  at  length  the  flower  will  become  per- 
fectly white . 

Might  not  this  property  of  the  sulphurous  acid 
be  applied  to  the  removal  of  ink  and  other  stains 
from  linen  ? 

Yes,  if  the  stained  part  be  first  moistened  with 
water,  and  then  held  over  the  fumes,  the  stain  will 
generally  disappear,  and  on  this  principle  it  has 
been  used  for  the  purpose  of  whitening  silk;  this 
bleaching  property  appears  to  have  been  known  as 
early  as  the  days  of  Pliny  the  Naturalist,  who  men- 
tions its  use  in  whitening  wool. 

How  is  the  Nitric  acid  made? 

It  is  distilled  from  nitrate  of  potass  (salt  petre) ; 
a quantity  of  this  is  put  into  a retort,  and  sulphuric 
acid  poured  on  it;  on  the  application  of  heat  the 
sulphuric  acid  combines  with  the  potass,  forming 
sulphate  of  potass,  and  the  nitric  acid  being  set  at 
liberty,  is  distilled  over  in  yellow  vapours,  which 
condense  in  the  receiver 
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IV hat  are  the  properties  of  this  acid  ? 

Pure  nitric  acid  is  colourless,  but  it  generally 
appears  of  ay  allow  colour,  owing  to  the  presence 
of  nitrous  gas,  though  the  colour  varies  according 
to  circumstances  to  a green,  or  even  blue;  it  is  the 
most  corrosive  of  all  the  acids,  has  a very  pungent 
smell,  and  if  dropped  on  the  skin  it  stains  it  of  a 
bright  yellow,  which  is  not  to  be  removed  until  it 
gradually  wears  away,  or  a new  skin  is  produced; 
it  is  formed  of  the  very  same  materials  as  atmos- 
pheric airy  but  in  different  proportions,  the  acid 
containing  75  parts  of  oxygen,  to  about  25  of  nitro- 
gen, whereas  atmospheric  air  contains  only  22  parts 
of  oxygen,  to  77  of  nitrogen. 

Does  it  not  act  on  the  metals ? 

Yes,  it  acts  very  powerfully  on  most  of  them,, 
emitting  during  its  action  copious  red  James;  with 
copper  it  forms  nitrate  of  copper , the  curious  pro- 
perty of  which  has  been  already  mentioned;  with 
silver  the  lunar  caustic,  used  by  the  surgeons  to 
destroy  proud  flesh,  &c.  it  has  no  action,  however, 
on  gold  or  platina,  unless  it  be  mixed  with  one 
half  its  weight  of  muriatic  acid,  when  it  forms  what 
is  called  aqua  regia , and  is  rendered  capable  of 
dissolving  those  metals. 

Is  Nitrogen  capable  of  combining  with  oxygen 
in  more  than  one  proportion'? 

Yes,  and  with  a portion  somewhat  less  than 
L 2 


that  which  constitutes  nitric  acid,  it  forms  ni troths 
acid,  the  properties  of  which  so  nearly  resemble 
those  of  the  nitric,  that  a particular  account  of 
them  is  unnecessary. 

What  is  the  nature  of  the  Muriatic  acid? 

This  acid  never  having  been  decomposed,  its  base 
is  consequently  unknown;  it  is  obtained  from 
muriate  of  soda  (common  salt)  from  whence  it  takes 
its  name;  the  process  for  obtaining  it  is  exactly 
similar  to  that  for  preparing  nitric  acid,  but  sub- 
stituting the  muriate  of  soda  for  the  nitrate  of  potass; 
it  rises  in  the  form  of  gas , but  is  condensed  by 
water  in  the  receiver,  and  forms  with  it  the  liquid 
muriatic  acid,  or  spirit  of  salt;  if  therefore  the  gas 
is  intended  to  be  preserved  for  experiment,  it  must 
be  received  over  mercury , and  preserved  in  vessels 
perfectly  free  from  moisture. 

Dots  hot  or  cold  water  absorb  it  equally?  * 

No;  in  proportion  as  the  water  is  heated  it  ab- 
sorbs less,  of  the  gas,  and  at  a boiling  heat  it  does 
not  absorb  any , and  consequently  when  the  liquid 
acid  is  heated,  it  parts  with  the  gas,  and  is  reduced 
to  water;  it  w^as  in  this  way  that  Dr.  Priestley  first 
obtained  it;  this  gas  possesses  the  property  of  neu- 
trallizing  putrid  effluvia,  and  thus  preventing  their 
pernicious  effects;  it  is  said  that  the  French  Chemist 
Morveau,  after  several  means  had  been  tried  with- 
out effect,  succeeded  in  purifying,  by  means  of 
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this  gas,  the  Cathedral  of  Dijon  from  putrid  exhala- 
tions, that  had  prevailed  to  such  a degree,  as  to  oc- 
casion the  entire  desertion  of  the  place. 

- Is  oxygen  capable  of  combining  with  the  base  of 
the  muriatic  acid  in  different  proportions,  so  as  to 
form  distinct  acids ? 

Yes,  the  acid  called  oxy-muriatic,  already  noticed, 
contains  a greater  proportion  of  oxygen  than  the 
muriatic,  though  it  can  perhaps  hardly  be  said  to  be 
combined  with,  but  is  rather  forced  into  it,  in  con- 
sequence of  which  it  parts  with  its  additional 
quantity  of  oxygen  to  almost  any  body  that  is  pre- 
sented to  it,  even  light  is  sufficient  to  decompose 
it;  it  is  remarkable  that  the  acid  properties  of  this 
compound  are  not  increased  by  the  additional  oxy- 
gen it  contains,  on  the  contrary,  its  very  acid  taste 
is  completely  gone ; it  no  longer  corrodes  even  the 
finest  linen;  instead  of  rendering  vegetable  colours' 
red , it  now  totally  destroys  them,  hence  its  use  in 
bleaching,  for  which  purpose  it  may  be  used  either 
in  the  state  of  a gas,  or  that  of  a liquid. 

The  method  of  preparing  the  gas  having  been 
already  described  in  speaking  of  the  different  gases, 
Is  it  sufficient,  for  the  purpose  of  forming  the  liquid 
acid,  that  the  receiver,  as  in  other  cases , contains 
water  l 

No,  in  this  instance  also  there  is  a considerable 
difference  between  the  common  muriatic,  and  the 
L 3 
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oiy-niuriatic  acid  gases;  the  former  is  so  rapidly 
absorbed  by  water,  that  it  cannot  be  collected  unless 
over  mercury;  but,  on  the  contrary,  the  latter  is  so 
sparingly  absorbed,  that  it  is  not  sufficient  that  the 
receiver  contains  water,  but  the  gas  must  be  made 
to  pass  through  the  water;  a considerable  degree 
of  pressure  must  be  used,  and  the  fluid  agitated  as 
much  as  possible,  which  requires  a peculiar  kind  of 
apparatus,  called  Woulfe’s  bottles,  to  be  added  to 
the  first  receiver. 

Is  this  liquid  the  same  with  those  called  bleach- 
ing liquids ? 

Not  exactly ; the  best  liquid  for  this  purpose  is 
made  by  passing  the  gas  through  lime  W'ater,  instead 
of  common  water;  if  a written  paper  be  dipped  in 
this,  or  if  the  liquid  be  washed  over  it  with  a feather 
or  camel  hair  pencil,  the  writing  will  very  soon 
totally  disappear,  as  will  fruit  stains,  &c.  from 
linen. 

Might  not  this  property  of  the  oxy-muriatic 
acid  be  used , for  the  purpose  of  defacing  the 
writing  of  legal  instruments,  for  bad  purposes  ® 

Undoubtedly,  but  chemistry,  while  it  furnishes 
tfee  means  of  fraud,  furnishes  also  the  means  of  pre- 
vention, and  detection;  for  if  some  of  the  black 
oxyd  of  manganese , and  indigo , be  added  to  the 
common  ink,  it  cannot  be  taken  out  by  the  applica- 
tion of  acids;  and  if  any  writing  has  been  taken  out, 
it  may  be  restored  again,  or  at  least  rendered  legible > 
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by  the  application  of  sulphuret  of  ammonia,  and 
prussiate  of  potass. 

What  is  the  nature  of  the  Acetous  acid? 

Acetous  acid,  or  vinegar,  was  probably  the  first 
acid  known;  as  all  fermented  liquors  are  liable  to 
turn  sour,  if  not  kept  from  the  action  of  the  airr 
from  whence  they  derive  that  portion  of  oxygen 
which  converts  them  into  vinegar,  it  must  conse- 
quently have  been  known  nearly  as  early  as  the  pro- 
duction of  wine,  that  is  as  soon  as  the  time  of 
Noah;  the  nature  and  properties  of  this  acid  are 
familiar  to  every  one  ; its  uses  informing  white  lead,, 
acetite  of  lead,  verdigris,  &c.  have  been  already 
noticed,  the  common  vinegar,  however,  is  not  pure,, 
being  mixed  with  several  substances,  but  it  is  easily 
purified  by  distillation,  when  it  becomes  colourless* 
the  acetic  acid,  though  radically  the  same  with  the 
acetows,  yet  possesses  some  different  properties,  so 
as  to  be  considered  as  a distinct  acid ; it  is  distilled 
from  verdigris,  and  is  considerably  more  pungent 
than  the  acetous* 

What  is  the  nature  of  the  Carbonic  acid? 

Ca  borne  acid  is  known  to  be  a compound  of 
carbon  and  oxygen,  and  may  therefore  be  formed  by 
the  combustion  of  charcoal , but  it  exists  ready 
formed  in  chalk , marble , &c.  and  in  a solid  state;, 
the  usual  method  of  obtaining  it,  and  its  several 
properties,  have  been  considered  w hen  speaking  of 
the  gases,  it  only  remains  to  observe,  that  though  it 
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is  not  condensed  by  water,  as  other  gases  are,  yet 
water  may  be  made,  by  pressure  and  agitation,  to 
absorb  a portion  of  it;  glass  machines,  calied  Nootfis 
machines,  have  been  constructed  for  this  purpose; 
the  water  thus  impregnated  has  a brisk  and  slightly 
acidtdous  taste,  resembling  the  Stltzer  water;  it  is 
to  small  bubbles  of  this  gas  that  Champaign  and 
some  other  liquors  owe  their  sparkling  appearance. 

How  is  the  Fluoric  acid  pvt  pared? 

The  sulphuric  acid,  of  so  much  importance  in  the 
formation  of  other  acids  and  their  gases,  performs 
an  important  part  in  the  production  of  this,  which 
is  obtained  by  pouring  sulphuric  acid  on  some 
pounded  tiuate  of  lime,  usually  called  Derbyshire 
spary  the  sulphuric  acid  seizes  the  lime,  and  forms 
with  it  sulphate  of  lime,  or  plaster  of  Paris,  the 
fluoric  acid  is  disengaged,  and  rises  iu  the  form  of 
gas,  which  is,  however,  easily  absorbed  by  the  water 
in  the  receiver,  with  which  it  forms  liquid  fluoric 
acid. 

If  this  acid  is  capable  of  corroding  glass , as 
formerly  stated , then  it  cannot  be  either  prepared 
Gr  kept , as  the  other  acids  usually  are , in  glass 
vessels  ? 

No,  and  therefore  leaden  ones,  which  it  does  not 
act  on,  are  used,  both  to  prepare  it,  and  to  keep  it 
when  prepared. 

Might  not  this  property  be  applied  to  the  pur- 
pose of  etching  on  glass? 
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Jt  may  be  used  for  etching  on  glass  in  the  same 
manner  as  nitrous  acid,  or  aqua  fortis,  is  for  etching 
on  copper;  for  if  a plate  of  glass  be  first  covered 
over  with  melting  wax,  and  the  design  afterwards 
traced  with  any  pointed  instrument,  if  it  be  after- 
wards exposed  to  the  action  of  the  gas,  or  if  the 
liquid  acid  is  poured  on  the  plate  (w  hich  should  be 
edged  with  wax,  to  keep  it  from  running  off,)  the 
whole  design  will  be  very  legible  when  the  wax  is 
cleared  away ; in  this  way  plates  of  glass  have  been 
etched,  and  impressions  taken  off,  but  the  difficulty 
of  submitting  the  glass  to  the  great  degree  of  pres- 
sure, which  is  necessary  in  taking  off  an  impression, 
would  alone  be  an  insurmountable  objection  to  its 
general  use. 

dre  the  effects  of  the  liquid  acid,  and  those  of 
the  gas  precisely  the  same  ? 

jSto,  the  lines  formed  by  the  liquid  are  bright , 
like  the  other  parts  of  the  glass,  but  those  formed 
by  the  action  of  the  gas  are  opake • 

How  was  the  singular  property  of  this  acid  first 
discovered  l 

•J3y  accident,  as  many  other  discoveries  of  far 
greater  importance  have  been  made:  Henry  Swan- 
hard,  of  Nurembeig,  first  discovered  it  in  the  ytar 
lf)7Q,  in  consequence  of  having  spilt  some  of  the 
acid  on  his  spectacles,  the  glasses  of- which  he  found 
were  corroded  by  it. 

II  hat  is  the  nature  of  Prussic  acid ? 
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The  Prussic  acid  is  the  colouring  matter  of  the 
beautiful  and  well  known  prussian  blue ; it  is  ob- 
tained by  exposing  bullock’s  blood,  or  the  horns,  &c. 
of  animals,  to  a red  heat,  with  potass,  by  which  a 
prussiate  of  potass  is  formed,  which  has  the  pro- 
perty of  producing  a blue  precipitate  from  a solution 
of  iron,  which  is  the  prussian  blue;  this  acid  has  the 
property  of  precipitating  metals  from  any  solution, 
by  forming  an  insoluble  compound  with  their 
oxyds;  the  colour  of  the  precipitate  ascertains  the 
nature  of  the  metal,  thus  the  precipitate  of  iron,  as 
observed,  is  blue,  that  of  gold  yellow,  that  of  lead 
white,  and  that  of  copper  brownish  red — a property 
which  renders  it  highly  important  to  the  Chemist. 

What  is  the  nature  of  Phosphoric  acid? 

Phosphoric  acid  is  composed  of  phosphorus  and 
oxygen;  if  phosphorus  is  burnt  in  oxygen  gas,  a 
dense  white  cloud  appears  in  the  vessel,  which 
adheres  in  the  form  of  flakes  to  its  sides,  this  is  the 
acid,  and  the  whole  process  of  making  phosphorus, 
though  attended  with  considerable  difficulty,  con- 
sists, in  reality,  in  separating  it  from  the  oxygen 
again;  it  is  this  acid  combined  with  lime,  forming 
a phosphate  of  lime,  which  is  the  basis  of  animal 
bones;  by  the  slow  combustion  of  phosphorus  in 
common  air,  an  acid  is  obtained,  called  phosphor ous 
acid,  in  distinction  from  the  phosphoric. 

What  are  the  names  of  the  other  acids  ? 

The  Oxalic,  winch  is  extracted  from  sugar,  and 
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exists  ready  formed  in  the  wood  sorrel,  has  the 
useful  property  of  precipitating  lime  from  its  solu- 
tions; the  Gallic  is  found  in  nut  galls,  which  pre- 
cipitates iron  black,  and  is  therefore  useful  in  form- 
ing mks;  the  Citric  obtained  from  lemons  and 
oranges,  the  Camphoric  from  camphor,  the  Lactic 
from  milk,  the  Sebacic  from  fat,  the  Suberic  from 
cork,  the  Succinic  from  amber,  together  with 
several  others,  the  properties  of  which  are  either  so 
uninteresting,  or  so  littie  known,  that  the  attention 
of  a young  Chemist  would  not  be  very  profitably 
employed  in  their  examination. 
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CHAP.  XI. 


ON  SALTS. 


It  has  been  noticed,  in  speaking  of  the  acids,  that 
in  combining  with  certain  substances  they  form 
new  ones , which  are  termed  Salts — What  is  the 
nature  of  these  combinations  ? 

The  word  Salt  is  in  common  acceptation  con- 
fined to  a very  few  bodies,  principally  to  muriate  of 
soda;  in  medicine  it  is  extended  to  others,  as  the  sul- 
phates of  magnesia  and  soda;  but  among  Chemists 
it  has  a more  extensive  signification,  and  is  applied 
to  all  the  combinations  of  the  acids  with  the  me- 
tallic oxyds,  alka/ie,s,  and  earths;  their  principal 
characteristic  property  is  their  solubility  in  water, 
and  their  insolubility  in  alkohol,  or  spirit  of  wine; 
hence,  if  alkohol  be  added  to  a watery  solution  of  any 
salt,  the  salt  is  precipitated  from  its  solution;  these 
combinations  are  of  course  very  numerous,  amount- 
ing to  about  1800,  among  which  it  will  naturally 
be  expected  that  some  are  of  much  higher  im- 
portance than  others. 

If  so  great  is  the  number  of  salts , is  it  not  diffi- 
cult to  name  them , so  as  to  avoid  conf  usion  ? 

Formerly  the  difficulty  would  have  been  insuper- 
able, and  every  fresh  discovered  substance  would 
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have  increased  the  embarrassment  of  the  chemical 

* 

pupil;  this  difficulty  is  now  not  merely  lessened, 
but  totally  removed , by  the  introduction  of  that 
admirable  nomenclature  which  the  great  Lavoisier, 
and  the  “ illustrious  body  of  French  Chemists9’  asso- 
ciated with  him,  have  introduced;  the  mere  con- 
sideration of  the  unavoidable  confusion  occasioned  by 
the  old  names,  must  convince  every  one  of  the 
necessity  of  a reform  in  this  branch  of  Chemistry, 
and  of  the  service  which  those  Chemists  have 
rendered  to  the  science,  and  to  the  world,  by 
effecting  it. 

What  are  the  advantages  of  this  nomenclature  ? 

Previous  to  its  introduction,  every  newly  discovered 
substance  was  named  at  random  ; sometimes  from 
its  discoverer,  as  Glauber  s salt,  sometimes  from 
the  place  where  it  was  found,  as  Epsom  salt,  some- 
times merely  from  its  colour,  or  other  fanciful  re- 
semblance, as  liver  of  sulphur,  names  which  have 
no  connexion  whatever  with  the  nature  of  the  com- 
pound they  are  meant  to  designate;  but  there  are 
names  still  more  exceptionable,  such  as  oil  of 
vitr  iol ; vitriol  itself  is  a vague  term,  and  belongs  no 
more  to  sulphate  of  iron,  than  it  does  to  almost  all 
salts,  and  the  substance  in  question  is  certainly  not 
an  oil. 

How  does  the  new  nomenclature  prevent  this* 
confusion  and  error  ? 

By  giving  to  the  compound  a name  formed  from 
the  names  of  the  substances  which  compose  it;  thus, 
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instead  of  Glauber  s salt,  we  say  sulphate  of  soda, 
that  salt  being  formed  of  sulphuric  acid  and  soda; 
Epsom  salt,  being  a combination  of  the  same  acid 
with  magnesia,  is  called  sulphate  of  magnesia ; and 
the  absurd  and  false  appellation  of  oil  of  vitriol 
gives  way  to  the  rational  name  of  sulphuric  acid,  that 
acid  being  formed,  not  by  the  mixture  of  oil  and 
glass,  as  the  old  name  would  seem  to  imply,  but  of 
sulphur  combined  with  oxygen.  Let  us  imagine 
that  our  common  table  salt  were  shewn  to  a Chemist 
who  was  ignorant  of  its  nature,  and  who  would 
naturally  be  disposed  to  enquire  whether  it  were  a 
simple  substance  or  a compound,  and  if  a compound, 
of  what  materials  it  was  formed?  such  is  the  ad- 
mirable plan  of  the  present  nomenclature,  that  no 
sooner  is  the  proper  name  of  this  salt,  'muriate  of 
soda , announced,  than  all  questions  relative  to  its 
nature  are  answered,  or  rather  the  necessity  of  asking 
them  is  superseded. 

Since  the  whole  number  of  salts  cannot  at  pre- 
sent be  examined — What  are  those  which , on  ac- 
count of  their  properties^  or  the  uses  to  which  they 
are  applied , are  most  worthy  of  observation  ? 

The  principal  of  these  are  formed  by  the  com- 
binations of  those  acids,  the  properties  of  which 
have  been  already  described,  and  several  of  the 
salts  themselves  have  been  unavoidably  noticed,  in 
speaking  of  the  acids  and  metals ; the  salts  formed 
by  union  of  the  sulphuric  acid  with  oxyds,  earths,  or 
alkalies,  are,  agreeably  to  the  present  nomenclature. 
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termed  sulphates;  those  of  the  metallic  oxyds  have 
been  already  mentioned  in  oitr  consideration  of  the 
metals  themselves ; with  the  alkalies  it  forms  sul- 
phate of  soda,  or  sal  mirabile,  or  Glauber’s  salt, 
sulphate  of  potass,  or  vitriolated  tartar,  which  with 
sulphur  forms  the  sal  polychrest,  &c.  with  the  earths 
it  forms  sulphate  of  barytes,  or  ponderous  spar- 
sulphate  of  magnesia,  or  Epsom  salt — sulphate  of 
lime,  or  plaster  of  Paris — sulphate  of  ahimine,  or 
all  urn.  Sec. 

In  stating  the  application  of  the  nomenclature 
to  acids,  it  teas  observed  that  those  acids  which 
contained  the  largest  portion  of  oxygen  were  disr 
tinguished from  those  which  contained  less , by  the 
termination  of  their  names , the  former  ending  in 
ic,  and  the  latter  in  ous — Is  there  any  distinction 
in  the  names  of  the  salts  formed  from  the  different 
acids'? 

Yes,  the  salts  formed  by  the  acids  whose  names 
terminate  in  ic,  are  distinguished  by  the  termination 
ate;  thus  the  salts  formed  by  the  nitric  acid  are 
called  nitrates,  while  those  formed  by  the  nitrons 
acid  end  in  ite,  and  are  called  nitr ites;  and  thus  we 
have  the  sulphate  and  the  sulphite  of  barytes,  and 
so  of  all  the  other  salts. 

What  are  the  principal  salts  formed  by  the 
j JSlitric  acid? 

Besides  the  metallic  salts,  which  have  been 
already  named,  it  forms,  by  its  re-union  with  potass, 
the  well  known  salt  called  nitre,  or  salt  petre,  of  so 
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much  importance  in  several  of  the  arts  and  hi  the 
manufacture  of  gunpowder — that  terrible  compound 
consisting  of  75  parts  of  nitrate  of  potass,  to  1 6 of 
charcoal,  and  9 or  10  of  sulphur;  these  are  ground 
and  mixed  together  while  wet , and  afterwards  re- 
duced to  grains  by  passing  through  a seiVe,  and 
finished  by  drying ; from  the  quantity  of  oxygen 
which  nitre  contains,  and  the  facility  with  which  it 
parts  with  it,  it  forms  the  principal  part  not  only  of 
gunpowder,  but  of  most  of  the  detonating  com- 
pounds; when  three  parts  of  nitre,  two  of  potass, 
and  one  of  sulphur,  are  well  dried,  and  mixed 
together  while  warm,  they  form  what  is  called  ful- 
minating powder;  if  a little  of  this  is  held  in  a 
spoon  over  the  candle,  or  in  a shovel  over  the  fire, 
it  soon  begins  to  melt,  when  it  explodes  very  loudly, 
though  not  attended  with  the  smallest  danger ; the 
nitric  acid  combines  likewise  with  soda,  and  the  s 
earths,  and  forms  with  them  a variety  of  salts,  not 
at  present  particularly  interesting. 

What  are  the  characteristics  of  the  salts  formed 
by  the  combination  of  the  Muriatic  acid  zciih  the> 
alkalies  and  earths ? 

There  is  one  property  in  the  muriates , as  they 
are  called,  worthy  of  observation,  namely,  that 
though  they  are  the  most  volatile,  yet  they  are  not 
like  other  salts  to  be  decomposed  by  fire:  Mr. 
Parkes  once  kept  some  muriate  of  soda  in  the  most 
intense  heat  of  a reverbatory  furnace  for  48  hours, 
without  its  being  in  the  least  degree  altered. 


SALTS. 


125 


What  are  the  principal  Muriates ? 

Besides  those  already  described,  there  are  the 
muriate  of  ammonia,  or  sal  ammoniac,  the  muriate 
of  potass,  or  febrifuge  salt,  the  muriate  ot  lime, 
used  for  bleaching,  and  others  of  less  note;  but  the 
most  remarkable  salt  belonging  to  this  class  is  the 
oxy-nuiriate  of  potass — if  the  oxy-muriatic  acid  gas, 
before  described,  be  passed  through  a solution  of 
potass,  instead  of  water,  until  the  solution  is  satur- 
ated, small  crystals  will  fall  down,  which  is  the  salt 
in  question,  and  is  one  of  the  greatest  curiosities 
which  the  art  of  Chemistry  has  produced;  it  seems, 
says  Fourcroy , “to  include  the  elements  of  thunder 
in  its  particles — a Chemist  can  produce  effects 
almost  miraculous  by  its  means,  and  nature  seems 
to  have  concentrated  all  her  power  of  detonation, 
fulmination,  and  inflammation,  in  this  terrible  com- 
pound:” If  three  parts  of  this  salt  be  powdered,  and 
mixed  with  one  part  of  flowers  of  sulphur,  and  then 
laid  on  an  anvil,  or  any  solid  body,  and  smartly 
struck  with  a hammer,  it  detonates  violently;  the 
mixture  will  even  explode  spontaneously  if  kept  in  a 
warm  place ; if  ten  grains  of  this  salt  be  put  into 
a mortar  with  one  of  phosphorus,  and  then  rubbed 
together,  successive  and  violent  detonations  will  be 
produced;  in  performing  this  experiment,  it  is  ad- 
' visable  to  turn  the  mouth  of  the  mortar  from  the 
face,  as  small  pieces  of  phosphorus  sometimes  fly 
out. 
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. May  not  some  substances  be  inflamed  without 
detonation  by  means  of  this  salt  ? 

Yes,  if  equal  parts  of  lump  sugar  and  oxy-muriate 
be  first  pounded , and  then  mixed  together,  a single 
drop  of  sulphuric  acid  will  be  sufficient  to  inflame 
the  mixture,  from  which  a beautiful  column  of 
flame  will  rise;  it  was  proposed  by  Bertholet , who 
first  discovered  this  salt,  to  use  it  instead  of  nitre  in 
the  manufacture  of  gunpowder,  but  the  attempt 
having  caused  the  death  of  two  of  the  workmen 
employed,  it  was  laid  aside,  though  it  is  said  that 
the  French  have  since  used  it;  a patent  has  lately 
been  taken  out  for  a peculiar  kind  of  gun  lock,  in 
which  this  salt  is  to  be  used,  but  it  is  to  be  hoped  it 
will  never  come  into  general  use. 
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CHAP.  XII. 

ON  COMBUSTION L 


1 HE  appearances  accompanying  the  combustion 
of  inflammable  bodies , and  the  effects  produced  by, 
it}  are  of  a very  interesting  nature — have  they 
any  relation  to  Chemistry  and  its  laws? 

The  process  of  combustion  is  altogether  of  a 
chemical  nature,  and  is  in  reality  only  what  is  termed 
fey  Chemists  a play  of  affinities. 

What ! is  Combustion,  by  which  such  ravages  have ■■ 
been  made — by  which  houses,  ships,  nay>  whole 
towns  and  fleets,  have  been  destroyed,  and  by  which 
such  extensive  calamities  have  been  occasioned ; is 
all  this  regarded  by  Chemists  as  a mere  play  of 
affinities  ? 

It  really  is  so,  and  nothing  more,  nor  is  there  in 
all  these  calamitous  circumstances,  how  extensive 
soever  they  may  have  been,  a single  particle  of 
matter  destroyed;  by  combustion  indeed  the  forms 
and  properties  of  bodies,  are  destroyed,  but  new 
forms  are  assumed,  new  properties  acquired,  and 
nothing  is  lost. 

How  long  has  the  present  theory  of  combustion, 
been  received ? 
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It  was  not  generally  adopted  even  in  France,  its 
birth  place,  until  the  year  1787:  though  the  very 
striking  appearances  attendant  on  combustion  have 
been  before  the  eyes  of  all  nations  from  the 
beginning,  yet  many  ages  elapsed  before  any  attempt 
was  made  to  account  lor  them,  or  understand  either 
the  cause  or  the  effect;  until  about  the  year  l665. 
Philosophers  themselves  seem  to  have  regarded^re 
as  an  element  that  devoured  every  thing  it  was 
capable  of  acting  on ; but  about  that  period  the 
celebrated  Dr.  Hooke,  well  known  for  his  micro- 
scopic researches,  proposed  the  first  theory  of  com- 
bustion; according  to  him,  there  is  ill  air,  in  salt, 
in  nitre,  and  several  other  substances,  a some- 
thing capable  of  dissolving  combustible  bodies, 
which  it  does  with  such  rapidity,  as  to  occasion  the 
appearance  of  light  and  heat,  which  he  held  to  be 
mere  motions;  that  combustibles  continue  burning 
or  dissolving  until  the  solvent  is  saturated,  when  the 
process  ends  of  course ; a happy  conjecture,  and  not 
far  from  the  truth,  which,  however,  he  had  not  the 
means  of  pursuing. 

Did  this  theory  continue  to  he  received  until 
the  time  of  Lavoisier  ? 

No,  after  being  refined  upon  by  Mayow,  who 
carried  it  to  a pitch  of  extravagance,  it  was  suddenly 
overturned  by  the  appearance  of  a new  and  totally 
different  theory,  first  proposed  by  Beecher,  but  so 
modified  and  improved  by  his  celebrated  disciple, 
Stahl f that  it  has  been  usually  called  by  his  name; 
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he  supposed  that  all  combustible  bodies  contained 
one  common  principle  to  which  their  inflammability 
was  owing,  and  of  which,  by  the  act  of  combustion, 
they  werfc  deprived;  and  to  this  imaginary  prin- 
ciple he  gave  the  name  of  Phlogiston . 

Hozv  was  this  theory  received (? 

It  had  many  advocates,  as,  from  the  reputation  of 
its  author,  might  naturally  be  expected,  and  among 
them  our  great  Chemist  Dr.  Priestley;  in  the 
language  of  these  Philosophers,  a combustible 
body  was  said  to  be  phlogistic  at  ed,  and  when  de- 
prived of  their  inflammable  principle,  was  dephlo- 
gisticated,  and  of  course  no  longer  combustible ; 
they  maintained  that  in  all  cases  of  combustion  a loss 
was  necessarily  sustained,  and  that  the  body  burned 
had  suffered  a diminution — Such  was  their  theory, 
the  reverse  of  which  is  now  found  to  be  true;  and 
Dr.  Priestley  lived  to  witness  the  demolition  of  the 
fabric  he  had  so  considerable  a share  in  erecting. 

What  is  the  peculiar  nature  of  the  present 
theory 

It  is  nowr  clearly  proved  that  the  burning  body 
does  not  suffer  any  diminution , but,  on  the  contrary, 
receives  an  accession  of  matter,  combustion  consist- 
ing, in  all  cases , in  the  union  of  oxygen  with  the 
burning  body. 

Had  Lavoisier  the  sole  merit  of  this  theory  ? 

He  was  unquestionably  its  author,  but  he  was 
much  indebted  for  the  materials  of  which  he  formed 
it  to  other  Chemists,  and  particularly  our  country- 
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men  Dr.  Priestley,  Mr.  Cavendish,  and  Dr.  Black, 
whose  experiments  on  the  different  gases,  led  the 
way  to  that  beautiful  theory,  which  that  truly  great 
Philosopher  established. 

You  have  mentioned  the  general  effect  of  com- 
bustion— can  you  not  give  a more  particular 
account  of  the  process? 

This  cannot  be  better  done  than  in  the  words  of  * 
Dr.  Thomson;  “ When  a stone  or  brick  is  heated, 
it  undergoes  no  change,  except  an  augmentation  of 
temperature,  and  when  left  to  itself  it  soon  cools 
again,  and  becomes  as  at  first;  but  with  combustible 
bodies  the  case  is  very  different,  when  heated  to  a 
certain  degree  in  the  open  air,  they  suddenly  become 
much  hotter  of  themselves,  continue  for  a consi- 
derable time  intensely  hot , sending  out  a copious 
stream  of  caloric  and  light  to  the  surrounding 
bodies;  this  emission,  after  a certain  period,  begins 
to  diminish,  and  at  last  ceases  altogether:  the  com- 
bustible has  now  undergone  a most  complete  U 
change;  it  is  converted  into  a substance  possessing 
very  different  properties,  and  no  longer  capable  of 
combustion.” 

This  is  indeed  an  admirable  description , but 
these  phenomena  might  have  been  observed  by 
a person  who  had  no  acquaintance  with  Chemistry , 
and  do  not  seem  to  furnish  any  proof  of  the  theory 
above  stated — Can  you  produce  an  instance  in 
which  this  is  proved  ?• 

The  same  valuable  author  continues  to  observe* 
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that  “When  charcoal  is  kept  for  some  time  at  the 
temperature  of  500  degrees,  or  perhaps  a little 
higher,  it  kmd;es,  becomes  intensely  hot,  and  con- 
tinues to  emit  light  and  caloric  tor  a long  time  i 
when  the  emission  ceases,  the  charcoal  has  all  dis- 
appeared, except  an  inconsiderable  residuum  of 
ashes.” 

Since  in  this  process  the  re  hole  of  the  chat  coni 
(the  small  quantity  of  ashes  excepted)  is  acknow- 
ledged to  have  disappeared,  does  not  this  seem  to 
prove  the  very  reverse  of  the  theory ? 

It  must  certainly  appear  so  to  an  uninformed 
observer,  but  it  is  because  the  product  of  the  com- 
bustion, viz.  carbonic  acid  gas,  has  been  suffered  to 
escape;  but  if  this  pioductbe  collected,  it  “is  found 
to  exceed  greatly,  in  weight,  the  whole  of  the  char- 
coal consumed.” 

Is  this  invariably  the  fact  ? 
lies,  in  every  instance  of  combustion  the  body 
burnt  is  found  to  have  increased  in  weight,  while 
the  air  in  which  it  has  been  burned  has  been  de- 
prived of  a portion  of  its  oxygen,  equal  in  weight  to 
that  which  the  burnt  body  has  gained;  and  hence  no 
combustible  will  burn  in  air  in  which  any  of  the 
same  kind  of  substances  has  been  previously  burned, 
nor  will  such  air  support  animal  life. 

Since  in  every  act  of  combustion  oxygen  is 
united  to  the  burning  body,  does  it  not  follow  that 
710  substance,  which  does  not  contain  oxygen,  can 
support  combustion? 
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That  certainly  does  follow. 

And  are  all  the  bodies  rehich  contain  oxygen 
capable  of  supporting  combustion  i 
Yes,  in  proper  circumstances. 

What  is  meant  by  proper  circumstances  f 
It  is  not  enough  that  oxygen  be  present ; for  un- 
less the  body  with  which  it  is  already  combined  be 
disposed  to  part  with  it,  or  the  combustible  has 
sufficient  force  to  compel  it,  no  combustion  can  take 
place;  water  contains  a large  portion  of  oxygen,  and 
yet,  instead  of  supporting,  it  is  made  use  of  for 
extinguishing  fire;  and  carbonic  acid  gas  contains 
oxygen,  and  yet  a lighted  taper  plunged  into  it  is  j 
immediately  extinguished. 

Can  you  explain  this ? 

Very  easily,  by  adverting  to  the  laws  of  chemical 
affinity,  of  which,  as  before  said,  combustion  is  an 
instance ; oxygen  is  never  found  but  in  a state  ol 
combination,  and  therefore  no  combustion  can  pos- 
sibly take  place,  unless  the  combustible  has  a stronger 
affinity  for  it,  than  the  body  with  which  it  is  pre- 
viously combined;  when  this  happens,  combustion 

invariably  follows,  and  not  else. 

Has  not  carbonic  acid  gas,  though  it  contains 
oxygen,  been  classed  by  some  chemical  authors 
among  the  non-supporters  of  combustion1? 

Yes,  but  i improperly,  as  the  recent  discoveries  of 
Mr.  Davy  have  proved;  for  though  no  substance 
had  before  been  f ound  that  would  burn  in  it,  because 
none  had  an  attraction  for  oxygen  sufficiently  strong 
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to  detach  it  from  the  carbon  with  which  it  is  united 
in  that  gas,  yet  the  newly  discovered  metal,  which 
is  the  base  of  potass,  and  which  that  admirable 
Chemist  who  discovered  it  has  called  potassium, 
will  burn  in  it,  when  heated,  with  great  splendour. 

Has  any  substance  been  yet  discovered , that  has 
so  strong  an  affinity  for  oxygen , as  to  detach  it 
from  its  combination  with  hydrogen,  and  burn  in 
water  ? 

Yes,  if  a globule  of  potassium  be  thrown  ou 
w ater,  it  instantly  takes  lire,  and  burns  with  astonish- 
ing rapidity-;  it  likewise  burns  with  equal  facility 
when  thrown  on  ice. 

Why  is  it  necessary  to  heat,  or  raise  the  tem- 
perature of,  some  bodies  before  they  will  burn  f 

There  is  a certain  temperature  at  which  com- 
bustible bodies  are  disposed  to  combine  with  oxygen, 
and  which  varies  in  different  bodies ; but,  generally 
speaking,  it  is  necessary  to  raise  the  temperature  of 
all  bodies  in  order  to  their  being  burnt,  because  it 
is  obvious  that  all  those  which  are  capable  of  taking 
lire  at  the  common  temperature  of  our  atmosphere, 
must  be  already  in  a burnt  state,  and  therefore  can- 
not be  burned  again until  they  have  been,  as  the 
French  Chemists  term  it,  unburnt , that  is,  deprived 
of  their  oxygen ; this  is  evidently  the  case  with  potass, 
soda,  and  the  alkaline  earths,  which  Mr.  Davy  has 
shewn  to  be  metals,  that  have  undergone  combus- 
tion, or  metallic  oxyds ; he  has  had  the  distinguished 
honor  of  succeeding  in  his  endeavours  to  deprive 
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them  of  their  oxygen,  aud  thus  render  them  again 
combustible. 

Are  metals  in  general  combustible,  or  is  this 
property  peculiar  to  those  just  mentioned ? 

Metals  in  general  are  combustible,  but  they 
usually  require  their  temperature  to  be  considerably 
raised,  and  to  have  a plentiful  supply  of  oxygen,  in 
order  to  their  being  burnt. 

Can  you  repeat  any  experiment  in  illustration 
of  this? 

If  iron  wire  be  heated  red,  or  if  a piece  of  lighted 
tinder  be  attached  to  it,  and  it  is  then  plunged  into 
a jar  filled  with  oxygen  gas,  it  will  burn,  throwing 
out  the  most  brilliant  sparks  that  can  be  imagined, 
and,  if  there  is  a sufficient  supply  of  oxygen,  will 
continue  until  the  whole  of  the  wire  is  burnt. 

According  to  the  present  theory  of  combustion , 
it  should  follozc  that  the  iron  in  this  experiment , 
as  well  as  the  charcoal,  formerly  mentioned,  should 
increase  in  weight ? 

Yes,  and  if  it  be  weighed  before  and  after  it  lias 
been  burnt,  it  will  be  found  to  have  done  so  in  the 
proportion  of  35  parts  in  the  100. 

Since  metals,  which  will  not  burn  in  common 
air y are  capable  of  being  burnt  in  oxygen  gas , it 
seems  to  follow,  that  those  substances  ivhich  in 
common  air  are  combustible , will  burn  with  in- 
creased rapidity  in  that  gas ? 

This  is  certainly  a natural  consequence;  charcoal, 
therefore,  which  burns  with  a dull  red  in  common  air. 
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burns  with  great  brilliancy  in  oxygen  gas,  and,  it 
the  bark  be  made  use  yf,  a number  of  beautiful 
sparks  are  thrown  oft  in  every  direction,  attended 
with  a crackling  noise;  sulphur  also  burns  with  an 
enlarged  and  much  brighter  flame  in  this  gas;  but 
the  most  impressive  experiment  of  this  kind  is  the 
combustion  of  phosphorus,  for  if  a bit  of  it  be 
placed  in  a spoon,  set  on  fire,  and  then  let  dow  n into 
a jar  filled  with  oxygen  gas,  the  flame  instantly 
appears  so  enlarged  as  to  fill  the  whole  vessel,  and 
produce  a light  so  intensely  brilliant,  that  the  eye 
can  scarcely  endure  it. 

Can  no  combustible  bodies  then  be  burnt  without 
first  raising  their  temperature  t 

Generally  speakmg,  this  cannot  happen,  for  the 
reasons  already  given,  but  there  are  exceptions  to 
this  rule,  which  must  likewise  be  remembered; 
potassium  furnishes  one,  and  a gas  has  been  before 
described,  namely,  the  oxy-muriatic,  in  which  even 
tnetals,  which  are  certainly  not  the  most  combus- 
tible substances,  will  burn  without  having  their 
temperature  previously  raised;  it  is  only  necessary 
that  they  should  be  reduced  into  pon  der , or  beaten 
into  leaves,  that  the  greater  surface  may  be  exposed 
to  the  action  of  the  oxygen,  and  they  instantly  take 
fire  on  being  immersed  in  it. 

In  consequence  of  this  theory  of  combustion,  it 
must  of  course  follow,  that  in  these  cases  it  is  the 
presence  of  the  oxygen  that  enables  them  to  take 
f ve^~how  is  it  then  that  the  metals , or  even  the 
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more  combustible  bodies , as  sulphur  and  phos- 
phorus, do  not  take  fire  in  pure  oxygen  gas? 

It  must  again  be  recollected,  that  oxygen,  the 
sole  supporter  of  combustion,  is  never  found  alone,' 
but  always  in  a state  of  combination  with  some 
other  body;  even  in  the  state  of  gas , it  is  combined 
with  caloric y which  gives  it  its  gaseous  form,  and 
when  the  combustible  is  heated  it  has  a powerful 
affinity  for  the  oxygen,  but  none  for  the  caloric  with 
which  it  is  combined,  and  therefore  easily  separates 
them,  and  takes  the  oxygen  to  itself. 

How  then  do  they , without  being  previously 
heated , take  fire  in  oxy-muriatic  acid  gas? 

Because,  from  the  method  of  preparing  it,  this, 
kind  of  gas  has  a large  quantity  of  oxygen  forced,  as 
it  were,  into  its  composition , the  greater  part 
of  which  it  holds  by  a very  weak  affinity,  and  there- 
fore so  readily  parts  with  it*  that  it  supersedes  the 
necessity  of  first  heating  the  bodies  in  order  to  their 
combustion  in  it. 

Then  it  is  to  be  accounted  for,  on  similar  prin-- 
ciples , that  those  combustibles  which , when  heated 
to  a certain  degree,  will  burn  with  splendour  in 
oxygen  gas,  are  immediately  extinguished  on  being 
plunged  into  router , though  zoater,  as  well  as  oxy- 
gen gas,  contains  a large  portion  of  oxygen  ? 

Yes,  for  the  affinity  of  oxygen  for  hydrogen,  with* 
which  it  forms  water,  is  double  in  force  to  that 
which  it  has  for  caloric,  with  which  it  forms  gas. 
Since  combustion  cannot  be  supported  without 
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a constant  supply  of  oxygen,  and  that  oxygen  must 
be,  in  ordinary  cases,  furnished  by  the  common  air 
of  our  atmosphere — dots  not  this  prove  the  necessity 
of  a constant  stream  of  air  for  the  supply  of  our 
common  jives ? 

Yes,  this  is  one  among  numberless  instances  of 
the  high  importance  of  chemical  knowledge,  even 
as  it  relates  to  the  most  common  purposes  of  life, 
and  this  should  certainly  be  always  kept  in  view, 
both  in  the  construction  of  our  fire  places , and  the 
management  of  our  jires,  as  all  fires  will  burn  well 
in  proportion  as  the  air,  which  is  to  furnish  the  oxy- 
gen, is  made  to  pass  through  the  different  parts  of  it. 

In  zvluit  respects  do  what  ate  called  furnaces, 
z&hich  burn  so  fiercely,  and  produce  such  intense 
heat,  differ  in  their  construction  from  our  common 
stoves  ? 

Only  in  this,  that  they  are  so  constructed,  as  not 
only  to  admit,  but  even  to  force,  a constant  supply 
of  air  to  every  part  of  the  burning  fuel,  as  no  air 
can  ascend  the  chimney  without  first  going  through 
the  fire,  and  it  is  for  the  same  reason,  that  a still 
greater  heat  is  excited  by  a large  pair  of  bellows,  i» 
which  case  a very  considerable  quantity  of  air  is,  not 
merely  permitted  to  enter,  but  j'orced  jnto  actual 
contact  with,  the  fuel. 

Is  the  heat  produced  by  the  blast  of  a pair  of 
bellows  the  most  intense  that  can  be  produced  by 
art ? ; 

No,  the  greatest  degree  of  heat  we  are  capable  ©I 
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raising,  is  produced  by  directing  a stream  of  oxygen 
gas  on  the  combustible  body;  if  even  a piece  of 
diamond,  which  will  remain  unaltered  in  the  strongest  ^ 
furnace,  be  placed  on  a piece  of  lighted  charcoal*, 
and  a stream  of  this  gas  thrown  on  it*  it  cannot  long 
resist  a heat  so  intense,  but  will  speedily  be  burnt, 
and,  if  the  experiment  take**  place  in  the  open  air, 
will  totally  disappear. 

It  appears  then  from  all  that  has  been  statedy 
that  it  is  not  wholly  owing  to  the  properties  of  the 
combustible  itself  that  the  process  of  combustion 
is  sometimes  so  much  more  rapid  and  violent  than 
at  others ? 

Yes,  for  though  some  bodies  are  more  combus- 
tible, that  is,  have  a stronger  affinity  for  oxygen, 
than  others,  and  will  therefore  burn  in  circumstances 
hi  which  others  will  not,  yet  the  rapid  combustions 
%hich  take  place  in  some  instances*  are  principally 
owing  to  the  quantity  of  oxygen  contained  in  the 
supporter  of  the  combustion,  and  to  the  facility 
with  which  it  parts  w ith  it- 

Can  you  produce  any  farther  instances  in  proof 
of  this  important  truth ? 

Yes,  phosphorus  will  present  us  with  one ; though 
a very  combustible  body,  yet  it  only  burns  with  a 
very  feeble  flame  in  the  common  temperature  of  our 
atmosphere;  at  the  temperature  of  the  human  body 
it  takes  fire,  as  we  call  it,  and  burns  more  rapidly , 
because  its  increased  affinity  for  oxygen  enables  it 
to  detach  it  more  readily  from  the  atmosphere;  but 
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it  burns  with  still  greater  rapidity  in  pure  oxygen 
gas ; on  this  principle  it  is  that  nitre  is  mixed  with 
sulphur  in  snaking  sulphuric  acid,  because  it  contains 
a considerable  portion  of  oxygen,  which  it  holds  by 
a weak  affinity,  and  therefore  readily  parts  with  it 
to  assist  the  combustion  of  the  sulphur. 

Is  it  not  to  the  presence  of  nitre  that  gnn-powdtr 
owes  its  great  inflammability? 

Yes,  but  there  are  compounds  which  take  fire 
more  readily,  and  burn  writh  more  rapidity,  than 
gun-powder;  the  preparation  called  fulminating 
mercury  is  of  this  nature. 

In  zvhat  manner  is  this  prepared ? 

By  dissolving  fifty  grains  of  mercury,  or  quick- 
silver, in  half  an  ounce  of  nitrous  acid,,  with  a gentle 
heat,  and  afterwards  pouring  on  the  solution  a 
quantity  of  alcohol,  or  spirit  of  wine,  double  to  that 
of  the  acid,  if  then  the  flame  of  a candle  be  applied 
for  a few  seconds,  or  until  bubbles  begin  to  rise  to 
the  surface  of  the  fluid,  a considerable  ebullition 
will  follow,  a large  quantity  of  nitrous  ether  will  be 
evolved,  and  when  the  action  slackens,  a white  or 
grey  powder  falls  to  the  bottom,  the  liquid  must 
then  be  quickly  poured  off,  the  powder  washed  two 
or  three  times  in  clear  water,  and  afterwards  dried 
on  a filtering  paper,  with  a heat  not  greater  than 
that  of  boiling  w ater. 

By  what  experiment  can  it  be  proved  that  this 
powder  is  more  easily  inflamed , and  its  combustion 
more  rapid  than  that  of  gunpowder  ? 
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If  a lighted  paper,  or  even  the  flame  of  a candle, 
be  applied  to  gunpowder,  there  is  some  difficulty 
in  making  it  take  tire,  but  this  powder  takes  fire 
before  the  flame  can  well  touch  it;  or  the  superior 
injiammabiUty  of  this  powder  may  be  shewn  by 
mixing  it  together  with  gunpowder  in  a small  heap, 
and  holding  a lighted  paper  to  the  heap,  when  the 
mercury  will  take  fire,  and  every  particle  of  it, 
though  never  so  intimately  mixed  with  the  gun- 
powder, will  be  burnt,  while  ihe  gunpowder  will 
be  scattered,  but  not  a single  grain  of  it  will  take 
fire.  _ , 

Then  if  a train  of  gunpowder  were  crossed  by 
another  train  of  fulminating  mercury , and  the 
mercury  fired  y its  fame  would  pass  through  (/re 
gunpowder  without  firing. it? 

Yes;  but  if  instead  of  firing  the  mercury,  you  set 
fire  to  the  gunpowder,  it  never  fails  in  its  explosion 
to  set  fire  to  the  mercury  also. 

This  is  certainly  a very  striking  experiment— 
jire  there  not  certain  compounds  which  take  five 
mid  explode  by  percussion 

That  is  the  case  with  the  compound  in  question, 
for  if  a few?  grains  of  it  be  laid  on  an  anvil,  and 
smartly  struck  w ith  a hammer,  it  will  explode  with, 
considerable  violence. 

j4rt  there  not  fulminating  powders,  as  they  are 
called , prepared  from  other  metals  besides  mercury ? 

Yes,  from  gold  and  silver,  bet  In  usual  prepara-? 
tions  of  these  metals  are  so  dangerous , that  it  is 
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hardly  advisable  either  to  prepare  or  keep  them; 
there  is,  however,  a method  of  preparing  a ful- 
minating silver,  w hich  is  perfectly  safe , and  in  point 
of  curious  effect  inferior  to  none. 

Describe  the  process. 

The  usual  process  is  similar  to  that  by  which 
fulminating  mercury  is  prepared,  but  a far  better 
zvay  is  to  take  lunar  caustic  (nitrate  of  silver)  as 
used  by  the  surgeons,  2 5 grains,  and  having  mixed 
gradually  half  an  ounce  of  nitrous  acid  w ith  onet 
of  alcohol,  or  spirit  of  wine,  put  the  whole  into  a 
Florence  flask,  and  having,  as  in  the  process  for 
making  fulminating  mercury,  just  warmed  it  until 
the  air  bubbles  begin  to  rise,  proceed  in  the  same 
jnanner,  washing  and  drying  the  white  powder  which 
falls  down,  and  which  is  the  fulminating  silver;  great 
care  must  be  taken  in  drying  it,  that  no  spark  of  fire 
comes  near  it. 

What  are  the  curious  properties  of  this  com - 
pound ? 

If  a very  small  quantity  of  this  powder  be  held  to 
the  candle,  or  a piece  of  lighted  paper  be  put  to  it, 
it  will  instantly  explode  w ith  a smart  noise,  and  a 
quantity  equal  to  the  size  of  a pea  will  produce  an 
explosion  full  as  loud  as  the  ear  can  well  bear. 

Will  this  powder,  like  the  last  mentionedy  ex- 
plode by  percussion? 

No,  but,  on  the  other  hand,  it  has.  a very, 
curious  property,  which  the  fulminating  mercury 
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has  not,  for  if  it  be  laid  on  a piece  of  quartz , flint , 
glass,  or  any  stone  containing  silex,  and  be  pressed 
or  rubbed  with  another  piece  of  quartz,  8tc.  or  the 
point  of  a penknife , it  instantly  explddes;  it  is  still 
more  singular,  that  it  will  explode  when  wetted,  as 
freely  as  when  it  is  dry,  and  even  under  water. 

Since  water  will  not , except  in  the  cast  of  the 
new  metals , part  with  its  oxygen  to  a combustible 
body — can  combustion  in  any  other  instance  be 
maintained  under  water? 

Water  extinguishes  a burning  body  when  plunged 
into  it,  merely  by  cutting  off  its  communication 
with  the  oxygen  of  the  atmosphere,  just  in  the  same 
manner  as  a glass  or  any  other  vessel  would  do, 
under  which  no  combustible,  not  even  phosphorus 
itself,  can  burn  after  it  has  consumed  all  the  oxygen 
which  the  vessel  contained;  but  if  there  be  a supply 
of  oxygen,  the  combustible  will  burn  as  freely  under 
the  water  as  it  will  in  the  open  air,  thus  several 
compositions  with  uitre  will  bum  tinder  water;  but 
there  are  two  chemical  experiments  by  which  tins 
may  be  shewm  in  a very  striking  manner. 

What  are  the  experiments  by  zvhich  so  striking 
a fact  can  be  illustrated  { 

If  a small  piece  of  phosphorus  be  placed  at  the 
bottom  of  a w ine  glass  filled  With  hot  water,  and  a 
stream  of  oxygen  gas  be  thrown  on  the  phosphorus, 
by  means  of  a bladder  w ith  a small  pipe  attached 
to  it,  it  will  take  fire  and  continue  to  bum  as  long 
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as  the  gas  is  supplied,  or  until  it  is  wholly  consumed ; 
or,  instead  of  this,  let  a piece  of  phosphorus  be  put 
at  the  bottom  of  an  empty  glass,  together  with  some 
oxy-muriate  of  potass,  and  then  let  the  glass  be 
gently  filled  with  cold  water,  so  as  not  to  displace 
the  salt,  then,  by  means  of  a glass  tube  or  funnel, 
let  a small  quantity  of  sulphuric  acid  be  let  dow  n on 
the  phosphorus,  and  the  latter  will  immediately 
take  Ji  re , and  burn  under  the  w ater,  the  oyx-muriate 
supplying  the  oxygen  necessary  for  its  combustion. 
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APPENDIX. 


IN  the  foregoing  pages  expressions  frequently  occur, 
which,  though  perfectly  familiar  to  the  Chemist,  must 
be  in  great  measure,  if  not  altogether,  unintelligible 
to  those  who  take  up,  for  the  first  time,  the  subject 
of  Chemistry  ; for  instance,  though  every  Chemist 
knows  what  is  meant  by  “collecting  a gas  over 
water  in  the  usual  way/’  yet  it  is  scarcely  possible  for 
any  person,  however  otherwise  intelligent,  who  has 
never  seen  the  process,  or  a description  of  it,  to 
comprehend  its  nature;  and  though  an  explanation 
has  been  in  one  or  two  places  attempted,  where  a 
degree  of  awkwardness  was  felt  at  the  time,  yet  this 
could  not  always  be  done,  and  if  it  had  been  in  every 
instance  attempted,  it  would  perhaps  have  been  at- 
tempted to  little  purpose  by  words  only,  it  was 
therefore  thought  necessary,  especially  considering 
the  persons  for  whom  this  is  principally  written,  to 
have  recourse  to  figures,  and  to  subjoin  the  following 

EXPLANATION  OF  THE  PLATE. 

Fig.  1,  in  the  upper  compartment,  represents  a 
patent  lamp,  over  which  is  a retort,  fig.  2,  if  the 
lamp  is  separate  from  the  ring  which  supports  the 
retort,  the  latter  should  be  made  to  slide  up  and 
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down,  so  as  to  be  placed  at  different  distances  above 
the  flame  of  the  lamp,  according  to  the  degree  of 
heat  required;  as  it  is  sometimes  requisite  to  remove 
the  lamp  without  any  trouble  or  loss  of  time,  it  is 
perhaps  more  desirable  to  have  it  separate,  as  in  the 
figure,  than  to  have  the  lamp  and  the  ring  both  slide 
on  the  same  stand;  the  retort  represented  in  the 
figure  has  a stopper  at  the  top,  and  is  therefore 
called  a tubulated  retort,  this  addition  adds  but 
little  to.  the  expence,  and  will  in  many  cases  be 
found  very  convenient;  retorts  are  made  of  various 
materials,  those  to  he  used  in  the  fire  are  of  earthen 
ware  or  iron,  but  those  which  are  used  over  a lamp 
are  of  glass,  and  being  blown  very  thin  at  the  bottom 
are  not  often  broken  by  the  heat  of  the  lamp,  even 
when  suddenly  applied;  when  used,  if  any.  grilty 
substance  has  been  poured  in,  as  in  the  making  oxy- 
muriatic  acid,  it  will  be  necessary  to  work  the 
stopper  round  a little,  that  it  may  not,  by  any  par- 
ticle lodged  in  the  neck,  be  kept  from  being  air 
tight,  and  if  a little  tallow  or  soft  pomatum  is  rubbed 
on  the  stopper,  it  will  often  be  of  great  service  in 
keeping  these,  or  any  similar  joinings,  air  tight. 

Fig,  3 represents  the  balloon  receiver,  so  called 
from  its  round  form,  into  the  neck  of  this  the  beak 
of  the  retort  is  inserted,  it  is  then  to  be  made  fast, 
so  ajs  not  to  shake  about,  by  pressing  some  slices  of 
cork  between  the  neck  of  the  receiver  and  the  beak 
of  the  retort,  and  made  air  tight  by  covering  with 
lute,  hereafter  described;  when  only  this  receiver  is 
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used,  the  top  is  closed  by  loosely  dropping  in  the 
stopper,  fig.  4 ; in  the  formation  of  gases,  however, 
an  apparatus  consisting  of  one  or  more  of  Woulfs 
bottles,  added  to  the  first  receiver,  is  exceedingly 
serviceable;  one  of  these  is  represented  fig.  5,  it  has 
three  necks,  by  one  of  which  it  is  connected  with 
the  first  receiver  by  means  of  a bent  glass  tube, 
fig.  6,  one  leg  of  which  is  luted  into  the  top  of  the 
receiver,  which  it  enters  but  a little  way,  while  the 
other  leg,  as  represented,  is  luted  into  one  of  the 
necks  of  the  bottle;  if  any  fluid  is  to  be  impregnated, 
as  in  forming  the  oxy-muriate  of  potass,  this  leg  of 
the  bent  tube  must  be  continued  below  the  surface 
of  the  fluid,  so  that  the  gas,  which,  after  filling  the 
balloon,  comes  over  into  the  bottle,  may  pass  through 
it;  as  represented  by  the  dotted  lines  in  the  figure; 
in  the  middle  neck  of  Woulfs  bottle  a glass  tube, 
fig  7,  about  two  foot  long,  is  inserted,  the  lower  end 
of  which  is  likew  ise  below  the  surface  of  the  fluid ; 
if  only  one  of  Woulfs  bottles  is  used,  the  remaining 
neck,  or  that  farthest  from  the  first  receiver,  is  to 
be  closed  by  a stopper;  if  two  or  more  are  employed, 
they  are  to  be  connected  with  each  other  by  bent 
tubes,  in  the  same  manner  as  that  in  the  plate  is 
connected  with  the  first  receiver;  the  peculiar  ad- 
vantage of  this  apparatus  is  easily  explained,  for  if 
the  first  receiver  only  is  used,  the  stopper  is  fre- 
quently thrown  out,  or  if  not  loose,  the  receiver  is 
in  danger  of  bursting  by  the  sudden  production  of  an 
elastic  fluid;  whereas,  when  the  Woulfs  bottles  are 
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employed,  if  any  extra  quantity  of  gas  comes 
over,  the  fluid  in  the  bottle,  by  rising  in  the  tube, 
affords  it  room,  or  even  permits  the  superfluous 
portion  of  it  to  escape,  without  endangering  the 
apparatus;  the  top  of  the  tube  should  be  furnished 
with  a kind  of  bason,  as  represented  at  fig.  7?  to 
prevent  the  loss  of  a part  of  the  fluid,  when  driven 
up  above  the  top  of  the  tube — a common  four-ounce 
vial  with  a hole  in  the  bottom,  and  cemented  by  its 
mouth  to  the  top  of  the  tube,  answers  this  purpose 
admirably  well. 

In  the  middle  compartment  of  the  plate  the 
pneumatic  trough,  or  water  bath,  is  represented, 
fig.  I ; this  may  be  made  of  tin  or  wrood,  and  of  any 
size  or  shape  which  may  suit  the  operator;  but 
wood,  if  lined  with  lead,  is  heavy,  and  if  not  lined, 
is  liable  to  leak,  tin  is  therefore  preferable  when  the 
vessel  is  made  for  chemical  purposes,  though  any 
wooden  or  earthen  vessel,  that  will  admit  of  placing 
a shelf  in  it,  and  immersing  a bottle  under  it,  may 
be  made  to  answ  er  the  purpose  ; the  celebrated  Dr. 
Priestley  began  his  brilliant  career  with  a washing 
tub;  the  most  convenient  size  is  perhaps  about  15 
inches  long,  7 wide,  and  13  deep,  this  will  admit  of 
a shelf  at  one  end,  and  leave  sufficient  room  to  fill 
and  invert  a common  quart  wine  bottle,  which  is 
frequently  wanted:  fig.  2 is  a shelf  in  the  inside  of 
the  trough,  this  should  be  so  far  below  the  edge  of 
the  trough  as  to  admit  the  water  to  rise  about  an 
inch  above  it;  in  the  middle  of  the  shelf  there  is 
O 2 
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a hole  for  the  gas  to  pass  through  when  any  vessel 
is  to  be  filled,  which  is  to  be!  done  thus — the  vessel, 
suppose  a bell  glass  receiver,  like  that  fig.  3,  is  to 
be  plunged  under  the  water  in  the  trough,  with  its 
mouth  upwards,  and  when  filled  with  it,  is  to  be 
turned  upright,  and  then  raised  and  placed  over  the 
hole  in  the  shelf,  as  represented  in  the  figure,  in 
doing  this  care  must  be  taken  not  to  raise  it  higher 
than  is  necessary  for  putting  it  on  the  shelf,  for  if 
raised  above  the  surface  of  the  w ater  in  the  trough, 
that  in  the  receiver  will  all  fall  out;  when  the  re- 
ceiver is  to  be  filled  with  any  kind  of  gas  that  has 
been  previously  kept  in  a corked  bottle,  the  bottle 
is  to  be  uncorked  while  its  mouth  is  under  water, 
the  mouth  is  then  to  be  brought  under  the  hole 
in  the  shelf,  and  gradually  raised  until  it  is  upright, 
or  nearly  so;  in  this  case  the  water  in  the  trough 
will  force  its  water  into  and  fill  the  bottle,  while 
the  gas  will  rise  out  of  it,  and  passing  through  the 
hole  in  the  shelf,  will  displace  the  water  in  the 
receiver  and  occupy  its  place;  now',  as  the  water 
sinks  in  the  receiver  in  consequence  of  the  gas 
occupying  its  place,  it  will  always  be  seen  how  much 
gas  has  been  admitted  into  the  receiver,  and  when 
it  is  full,  though  the  gas  itself  should  be,  as  in  most 
leases  it  is,  invisible;  a kind  of  flat  funnel  should  be 
fixed  underneath  the  hole  in  the  shelf,  otherwise, 
unless  the  mouth  of  the  bottle  is  held  very  exactly 
under  the  hole,  some  of  the  gas  will  be  liable  to 
escape  without  passing  into  the  receiver;  it  is  obvious 
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that  during  these  operations  the  water  in  the  trough 
will  rise  and  fall,  and  as  it  must  never,  for  the 
reason  before  mentioned,  be  suffered  to  sink  so  low 
as  the  shelf  on  which  the  receiver  stands,  it  will 
be  found  very  convenient  to  have  a spout  at  the  other 
end  of  the  trough,  either  with  or  without  a cock,  as 
represented  fig.  6,  this  will  keep  the  water  from 
overflowing,  and  if  a vessel  of  any  kind  is  put  under 
to  receive  it,  it  may  be  poured  in  again  when 
wanted. 

Fig.  4 represents  a gas  bottle,  w’ith  a bent  tube, 
5,  ground  into  its  neck,  this  is  exceedingly  con- 
venient on  many  occasions,  and  is  used  thus — if  it 
were  required  to  fill  a receiver  with  hydrogen  gas, 
the  bent  tube,  5,  being  taken  out,  the  filings  and 
water  are  poured  into  the  bottle,  the  proper  quantity 
of  sulphuric  acid  is  then  added,  and  the  tube  being 
quickly  put  into  the  bottle,  is  made  to  pass  under 
the  shelf,  so  that  its  mouth  may  be  directly'  under 
the  hole^,  when  the  gas  as  it  is  formed  in  the  bottle 
will  rise  and  pass  through  the  tube  into  the  receiver, 
3;  this  apparatus  is  exceedingly  convenient  for 
preparing  carbonic  acid  gas,  in  which  of  course 
marble  or  chalk  must  be  used,  instead  of  iron  or 
zinc  filings;  when  the  receiver  is  full,  it  must  be 
removed  by  sliding  it  into  a saucer  held  under  the 
water,  and  taken  out  with  the  w ater  in  the  saucer, 
which,  by  surrounding  the  bottom  of  the  receiver, 
will  keep  the  gas  from  escaping;  if  a bottle  is  to  be 
filled  with  gas  for  the  purpose  of  keeping,  it  must 
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be  filled  with  and  inverted  under  the  water,  in  the 
same  manner  as  described  for  the  receiver,  and  when 
raised,  held  with  its  mouth  over  the  hole  in  the  shelf, 
and  when  full,  corked  under  water.  N.  B.  The 
gas  bottle  represented  in  the  figure  is  tubulated,  or 
furnished  with  a stopper,  but  this,  though  sometimes 
convenient,  is  by  no  means  necessary,  and  at  the 
same  time  enhances  the  expense,  especially  as  they 
are  very  liable  to  be  broken,  if  great  care  is  not 
taken  in  using  them. 

In  the  lower  compartment  of  the  plate  different 
apparatus  are  represented;  fig.  1 is  a glass  flask  or 
matrass,  as  it  is  called,  this  is  useful  for  any  purpose 
where  the  heat  of  a patent  lamp  is  to  be  applied, 
a common  oil  flask,  which  may  be  purchased  at  a 
very  trifling  expense,  will  be  found  to  answer  all 
these  purposes  incomparably  well,  as  they  bear  very 
well  the  sudden  application  of  heat  or  cold : fig.  £ 
represents  a crucible  or  melting  pot — those  generally 
used  are  made  of  earthen  ware  or  black  lead,  and 
wrill  bear  a most  intense  heat : fig.  3 represents  a 
receiver  with  an  open  top,  such  as  is  used  for  the 
combustion  of  different  substances  in  oxygen  or  oxy- 
muriatic  acid  gas;  where  a small  expense  is  not  an 
object,  these  have  a stopper  ground  into  the  top, 
but  a cork  if  well  fitted  will  answer  the  purpose; 
these  receivers  have  frequently  a brass  cap  at  the 
top,  into  which  a stop-cock  is  made  to  screw,  for 
the  purpose  of  transferring  the  gas  into  a bladder, 
as  represented  in  the  figure,  where  5 is  the  bladder. 
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4 the  stop-cock,  one  end  of  which  is  inserted  into 
the  neck  of  the  bladder,  and  the  other  screws  into 
the  brass  cap  ; when  the  gas  is  to  be  transferred 
from  the  receiver  into  the  bladder,  the  stop-cock 
being  open  all  the  air  is  to  be  carefully  squeezed 
out  of  the  bladder,  and  the  cock  then  closed  to  pre- 
vent its  re-entering,  it  is  then  to  be  screwed  into  the 
top  of  the  receiver  while  immersed  under  water, 
the  receiver  is  then  to  be  raised  on  to  the  shelf,  and 
filled  as  before  directed;  when  full,  the  stop-cock 
is  to  be  opened,  and  the  receiver  gradually  pressed 
down  into  the  water,  which  rising  into  it  will  force 
the  gas  up  into  the  bladder;  if  the  contents  of  one 
receiver  are  not  sufficient  for  the  purpose,  the  stop 
cock  much  now  be  closed  as  before,  and  the  same 
process  repeated,  until  there  is  a sufficient  quantity 
of  gas  in  the  bladder,  when,  the  stop-cock  being 
closed,  it  may  be  taken  off,  and  reserved  for  use. 
If  a receiver  of  this  kind,  with  stop-cock,  be  not  at 
hand,  the  bladder  may  be  filled  by  tying  it,  wjet,  on 
to  the  tube  of  the  gas  bottle,  or  by  putting  the 
ingredients,  from  which  the  gas  is  to  be  made,  into 
a commo.  vial,  and  either  tying  the  bladder  on  to 
the  neck  of  the  vial,  or  to  a pipe  inserted  into  a cork 
in  the  vial;  the  principal  inconvenience  attending 
these  method^  is  that  the  acid  frequently  froths  up, 
and  flows  over  the  vial,  and  of  course  corrodes  and 
spoils  the  bladder,  which  is  not  liable  to  happen 
when  the  receiver  and  stop-cock  are  used ; in  short, 
when  expense  is  not  au  object,  neatness,  not  to  say 


( 152  ) 

elegance  of  appearance,  will  naturally  be  consulted, 
aud  where  it  is,  the  ingenious  practitioner  will  easily 
discover  that  a large  and  complicated  apparatus  is 
in  very  few  instances  absolutely  necessary;  he  may 
indeed  console  himself  with  a remark  made,  in  an 
introductory  lecture,  by  the  learned  and  entertaining 
Lecturer  of  the  Royal  Institution,  that  “ Many  ex- 
periments of  the  first  importance  have  been  per- 
formed, and  discoveries  made  by  Chemists  who  had 
no  laboratory,  and  whose  whole  apparatus  has  con- 
sisted of  little  more  than  a few  apothecaries*  vials,, 
some  tobacco  pipes,  and  a,  washing,  tub.” 


LUTES. 

It  has  been  mentioned,  that  it  is  frequently 

necessary  to  employ  lutes,  in  order  to  render  the 

joinings  of  chemical  vessels  air-tight;  there  are 

different  kinds  for  different  purposes;  w hen  no  great 

heat  is  required,  any  soft  kind  of  paper  wdth  common 

paste  will  answer  the  purpose;  where  therms  no 

heat,  a cement  of  rosin  and  bee*s-wax,  or  rosin  only, 

will  answer,  as  it  will  stand  the  corrosive  acids;  but 

/ 

when  great  heat  is  required,  dry  clay  beat"  up  with 
liquid  oil  is  perhaps  one  of  the  best;  for  many  pur- 
poses common  glaziers  putty  will  answer  very  well. 
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OXYGEN. 

Carbon 

Charcoal 

Manganese 

Zinc 

Iron 

Tin 

Antimony 

Hydrogen 

Phosphorus 

Sulphur 

Arsenic 

Nitrogen 

Nichel 

Cobalt 

Copper 

Bismuth 

Caloric 

Mercury 

Silver 

Gold 

Platina 

Muriatic  acid 


CARBON. 

Oxygen 

Iron 

Hydrogen 


NITROGEN. 

Oxygen 

Sulphur 

Phosphorus 

Hydrogen 


HYDROGEN. 

Oxygen 

Sulphur 

Carbon 

Phosphorus 

Nitrogen 


SULPHUR, 

PHOSPHORUS. 

Potass 

Soda 

Iron 

Copper 

Tin 

Lead 

Silver 

Bismuth 

Antimony 

Mercury 

Arsenic 


POTASS,  SODA, 

& AMMONIA. 

Acids , Sulphuric 
Nitric 
Muriatic 
Phosphoric 
Fluoric 
Oxalic 
Acetic 
Nitrous 
Carbonic 
Prussic 
Oil 

Water 

Sulphur 


BARYTES. 

Acids , Sulphuric 
Oxalic 
Fluoric 
Phosphoric 
Nitric 
Muriatic 
Acetic 
Sulphurous 


Adds , Nitrous 
Carbonic 
Prussic 
Sulphur 
Phosphorus 
Water 
Fixed  oil 


LIME. 

Acids , Oxalic 
Sulphuric 
Phosphoric 
Nitric 
Muriatic 
Fluoric 
Acetic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 
Sulphur 
Phosphorus 
W-attr 
Fixed  oil 


MAGNESIA. 

Acids , Oxalic 

Phosphoric 

Sulphuric 

Fluoric 

Nitric 

Muriatic 

Acetic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 

Sulphur 
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ALUMINE. 

Acids , Sulphuric 
Nitric 
Muriatic 
Oxalic 
Fluoric 
Phosphoric 
Acetic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 


SILEX. 

Fluoric  acid 
Potass 


SULPHURIC 
ACID,  AND 
PRUSSIC. 

Barytes 

Strontites 

Potass 

Soda 

Lime 

Magnesia 

Ammonia 

Alumine 


PHOSPHORIC 

ACID. 

Barytes 

Strontites 

Lime 

Potass 


Soda 

Ammonia 

Magnesia 

Alumine 

Silex 


CARBONIC 

ACID-. 

Barytes 

Strontites 

Lime 

Potass 

Soda 

Magnesia 

Ammonia 


NITRIC  ACID. 

Barytes 

Potass 

Soda 

Strontites 

Lime 

Magnesia 

Ammonia 

Alumine 


MURIATIC 

ACID. 

Barytes 

Potass 

Soda 

Strontites 

Lime 

Ammonia 

Magnesia 

Alumine 


FLUORIC  ACID. 

Lime 

Barytes 

Strontites 

Magnesia 

Potass 

Soda 

Ammonia 

Alumine 

Silex 


ACETIC  ACID. 

Barytes 

Potass 

Soda 

Strontites 

Lime 

Ammonia 

Magnesia 

Alumine 


ALCOHOL. 

Water 

Ether 

Volatile  oil 
Alkaline  Sul- 
phurets 


FIXED  OIL. 

Lime 

Barytes 

Potass 

Soda 

Magnesia 

Alumine 


INDEX. 


A. 

Acid,  Nitric,  lio. 

— Sulphuric,  108. 

—  Muriatic,  11*2. 

Fluoric,  116. 

— - Phosphoiic,  118. 

■ Acetous,  113. 

Carbonic,  115. 

■  Prussic,  117. 

• how  formed,  8. 

Acids,  their  properties,  103, 

106. 

■ — tests  for,  108. 

Acetite  of  lead,  43. 

of  copper,  33. 

Air,  atmospheric,  its  composi- 
tion, 83. 

— fixed,  or  carbonic  acid  gas, 
87. 

inflammable,  cr  hydrogen 

gas,  20,  97. 

Affinity,  chemical,  what,  69. 

laws  of,  70,  82. 

tables  of,  use- 
ful, 81. 

Alkalies,  how  prepared,  60. 

— — — their  properties, .62. 

uses  of,  63,  77. 

tests  for,  62. 

proved  to  be  metallic 

oxyds,  3,  65. 

fixed,  61. 

Alkalie  volatile,  or  ammonia, 
61. 

Alumine,  its  properties,  56. 

— sulphate  of,  ibid. 

Analysis  of  water,  how  per- 
formed, 78. 

Ammonia,  61. 

carbonate  of,  or  sal 

volatile,  65. 

muriate  of,  or  sal 

ammoniac,  ibid. 


Ammonia,  nitrate  of,  g3. 
Ammoniacal  gas,  61. 
Amalgams,  32,  45. 

Analysis,  what,  81. 

of  mineral  waters, 

how  performed,  78. 
Antimony,  its  properties,  47. 

sulphuret  of,  ibid. 

> - - — combustion  of,  96. 

Arsenic,  properties  of,  4 8. 
Aurum  Musivum,  how  made, 
40. 


B 

Balloon,  air,  101. 

Barytes,  its  properties,  52. 

a test  for  sulphuric  acid, 

79. 

— — - a metallic  oxyd,  67. 

Bismuth,  properties  of,  46. 
magistery  of,  a cos- 
metic, 46. 

Bleaching  liquid,  114. 

Blue,  powder,  what,  *9. 
Bodies,  simple,  2. 

compound,  1. 

Brass,  of  what  composed,  34. 
Brimstone,  see  sulphur. 

Burnt  bodies,  what,  133. 


, C 

Candles,  how  rekindled,  84. 
Calomel,  what,  32. 

Caloric,  what,  3. 

— contained  in  ice,  4. 

its  important  agency,  6. 

metals  best  conductors 

of,  4. 

— — expands  bodies,  5,  76. 
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INDEX 


Caloric  the  cause  of  fluidity,  6. 

latent,  7. 

Chameleon  mineral,  how  pre- 
pared, 50. 

Carbon,  what,  17. 

Carbonic  acid  gas,  or  fixed  air, 
by  whom  discovered,  87. 

its  proper- 
ties, 88. 

— ■ fatal  to  ani- 
mals, 88. 

* how  ob- 

tained, 89. 

experiments 

with,  90. 

— — bad  , effects 

of,  how  prevented,  92. 

Carbonate  of  ammonia,  65. 

Carburetted  hydrogen  gas,  22. 

Chemical  examination  of  bo- 
dies, 71. 

—  nomenclature,  its 

utility,  121. 

Charcoal,  properties  of,  17. 

its  use  in  correcting 

putridity,  ibid. 

its ’identity  with  dia- 
mond, 18. 

Coak,  how  made,  23. 

Cobalt,  properties  of,  48. 

Coal,  gas  produced  from,  22. 

Canncl,  ibid. 

Colours,  expeiiments  on,  72. 

Combustion,  what,  127,  130. 

—  product  of,  131. 

under  water,  142. 

- — * in  oxygen  gas,  of 

iron  wire,  134. 

—  of  charcoal, 

135. 

« __ of  phosphorus, 

ibid. 

— - of  sulphur, 

ibid. 

in  oxy- muriatic  acid 

gas,  of  Dutch  gold,  96. 

■  of  antimony,  ibid. 

Combustibles,  simple,  2. 

■  — — compound,  ibid. 

Copper,  properties  of,  33. 

—  nitrate  of,  curious  ex- 

periment with,  75. 


Copper,  sulphate  of,  33. 

-  used  to  colour  pickles, 

35. 

—  how  detected  in  water, 

80. 

Copperas,  or  sulphate  of  iron, 
, 37. 

Corrosive  substances  from  mild, 

75. 


D 

Davy,  Mr.  his  discoveries,  65. 

Decomposition  of  bodies,  how 
effected,  71. 

Derbyshire  spar,  or  fluate  of 
lime,  116. 

Diamond,  pure  carbon,  18. 

burns  in  oxygen  gas, 

138. 

Dutch  leaf  burnt  in  oxy-muri- 
atic  acid  gas,  96. 

Dying,  mordants  used  in,  78. 


E 

Earths,  properties  of,  52. 

proved  to  be  metallic 

oxyds,  67. 

Earthquakes,  probable  cause  of, 
68. 

Edge-tools,  how  hardened,  89. 

Epsom  salts,  or  sulphate  of 
magnesia,  109. 

Ethiops  mineral,  what,  32. 

Etching  on  glass,  how  per- 
formed, 117. 

Exhilarating  gas,  93. 

Expansion  of  bodies  by  caloric, 
5. 

of  water  in  freezing, 

103 


F 

Fixed  air,  or  carbonic  acid  gas, 
87. 

Fire  damp  in  mines,  what,  21. 
Fluoric  acid,  how  prepared,  110 
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Fluoric  acid  used  for  etching  on 
glass,  117.  , .. 

Fluate  of  lime,  or  Derbyshire 
spar,  1 16. 

Fluids  from  solids,  73. 

Fluidity  caused  by  caloric,  6. 

Franklin,  Dr.  his  remarks  on 
metals,  4. 

Freezing,,  expansion  of  water 
in,  5. 

Fulminating  powder,  124. 

»-• — mercury,  how  made, 
139, 

.... — experiments 

with,  140. 

— — silver,  141. 

Furnaces,  principles  of,  137. 


G 

Galvanic  battery,  how  formed, 
46. 

Galls,  solution  of,,  precipitate 
iron,  79. 

Gas,  what,  10. 

— ammoniacal,  61. 

carbonic  acid,  87 • 

hydrogen,  20,  97* 

— oxygen,  how  prepared,  TO. 

— oxy-muriatic  acid,  95. 
phosphoretted  hydrogen, 

100. 

fluoric  acid,  117. 

Gaseous  oxyd  of  nitrogen,  how 
prepared,  93. 

—  its 

curious  effects,  ibid. 

Gilding  metals,  how  performed, 
32. 

Glass  corroded  by  fluoric  acid, 
117. 

Glauber’s  salt,  or  sulphate  of 
soda,  109. 

Gold,  its  properties,  28. 

etherial,  29. 

Grotto  del  Canne,  curious  ef- 
fects of,  88. 

Gunpowder,  how  made,  124. 


Gunpowder  not  the  most  in- 
flammable body,  139. 

Green,  Scheele’s,  48. 


H 

Hartshorn,  or  liquid  ammonia, 
61. 

Harrowgate  waters,  22. 

Heat  not  in  the  fire,  3. 

Hooke,  Dr.  his  theory  of  com- 
bustion, 128. 

Hydrogen,  what,  20. 

—  its  affinity  for  oxy- 

gen, 136. 

a component  part  of 

water,  21. 

— — gas,  its  properties, 

20,  97. 

_ — phosphoretted, 

100. 

- — from  coal, 


I 

James’  powders,  47. 

Ice  lighter  than  water,  103. 

Ink,  how  made,  80. 

-  how  discharged,  110, 114. 

■ — how  restored,  114. 

.■  permanent,  30. 

- — sympathetic,  49,  80. 

. — — curious  ex- 

periment with,  49. 

'Iron,  properties  of,  36. 

its  affinity  for  oxygen,  37. 

how  detected  in  water,  79. 

combustion  in  oxygen  gas, 

134. 

— — sulphate  of,  or  green  vi- 
triol, 37. 

phosphate  of,  used  in 

cancers,  39* 

- oxyds  of,  form  various 
colours,  37. 


p 


isV  i $Mi. 


i 

Latent  beat,  or  caloric,  7. 

Lead,  properties  of,  41. 

— white,  how  made,  42. 

— — red,  ibid. 

— tree,  how  produced,  43. 
——in  wines,  how  detected,  ib. 
Lavoisier,  his  theory  of  com- 
bustion, 129. 

Lime,  its  properties,  54. 

• jjhosphuret  of,  55. 

oxy-muriate  of,  for  bleach- 
ing, 114. 

Light,  distinct  from  caloric,  7. 
— — - chemical  action  of,  8. 
Utmus  paper,  a test,  105* 


M 

Magnesia,  properties  of,  5 5. 

■ - ■■■  - a metallic  oxyd,  67. 

— — sulphate  of,  or  Ep- 
som salts,  55. 

Magistery  of  bismuth,  a cos- 
metic, 46. 

Manganese,  properties  of,  50. 

—  oxyd  of,  yields  oxy- 

gen gas,  ibid. 

Metals,  their  characteristics, 

, 27.  . . 

— - enumerated,  25. 

—  — combustible,  134^ 

— new,  their  great  affinity 

for  oxygen,  GO. 

— — amalgams  of  32,  45. 
Metallic  salts,  io9,  111. 
Mercury,  properties  of,  31. 

— — — at  what  heat  solid,  ib, 

— medical  preparations 

Of,  32. 

— fulminating,  how 

made,  'ibid. 

— ^ colours  prepared 
from,  33. 

Mild  substances,  from  corro- 
sive, 75. 

Muriates,  their  indestructible 
nature,  124. 


Muriate  of  ammonia,  of  sir 
ammoniac,  p4. 

—  of  soda,  112. 

Muriatic  acid,  how  made,  li*. 

— - how  detected  in 

water,  79. 

—  gas,  its  proper- 

ties, 113. 


1ST 

Nickel,  properties  of,  44. 

Nitre  the  basis  of  gunpowder, 
&c.  124. 

Nitric  acid,  how  formed,  110. 

stains  the  skin,  111. 

Nitrogen,  what,  23. 

gas,  how  obtained, 

24,  87. 

—  its  use^,  86. 

— ■ gaseous  oxyd  of,  93. 

: its  ef- 
fects in  breathing,  ibid. 

Nitrate  of  copper  inflames  tin 
foil,  75. 

of  silver  a tfcst  for  mu- 
riatic add,  30. 

—  a permanent 

ink,  80. 

— of  barytes  a test  for  sul- 
phuric acid,  79* 

Nomenclature,  chemical,  its 
use,  121. 


O 

Oil  of  vitriol,  or  sulphuric  acid, 

108. 

Oil  used  in  soft  soap,  77. 

- — phosphoric,  15. 

Oxyds,  what,  9. 

of  manganese,  50. 

Oxy-miuiatic  acid  gas  used  in 
bleaching,  95. 

com- 

' bustibles  burn  in,  spontane- 
ously, 96. 

Oxy -muriate  ef  potass,  its  cu- 
rious properties,  125. 
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Oxygen  a component  part  of 
v.  ater*  8 . 

— of  air,  83. 

— — the  acidifying  principle, 

8. 

— — — <g’as,  how  prepared,  la. 
combustion  of  phos- 
phorus in,  135. 

iron  wire,  134. 

«■— — — sulphur,  135. 

charcoal,  ib. 

— — the  supporter  of  com- 
bustion, 9,  85. 

..  — u.- of  animal  life* 

9,  84. 

— — — its  affinity  for  other 
bodies,  9. 


Potasshitri  the  base  of  potass* 

. — — — : — blirtis  in  carbon iC 
acid  £as,  i33. 

u — — oh  water,  ibid* 

Powder  blue,  what,  49* 

PftfSsic  acid,  11 7 • 

Prussian  blue,  118. 

Pttttldity  corrected  by  charcoal* 
17. 


a 

Quicksilver,  or  mercury,  3t. 

preparations  of,  32. 

Quartz,  142. 

Quicklime,  55* 


P 

Paracelsus,  44. 

Permanent  ink*  experiment 
with,  30. 

Phosphorus,  when  discovered, 

14. 

■■  — its  affinity  for  oxy- 

gen, ibid. 

experiments  with, 

15.  16,  135,  143. 

how  prepared,  15. 

match  bottles,  how 

made,  ibid.- 

-liquid,  15. 

combustion  of,  in 

' oxygen  gas,  135. 

Phosphoric  acid,  118. 
Phosphoretted  hydrogen  gas, 
100. 

Phosphoret  of  lime,  how  made, 

16. 

Phosphate  of  lime,  the  basis  of 
bones,  55. 

Phlogiston,  what,  1 29. 
Plumbago  a carburet  of  iron,  37. 
Plaster  of  Paris,  or  sulphate  of 
lime,  109. 

Platina,  properties  of,  31. 
Potass,  how  prepared,  60. 

— oxy-muriate  of,  125. 

— experiment  with, 


R 

Re-agents,  what,  10S. 
Respiration,  its  effects  on  air# 
84. 


S 

Sal  ammoniac,  &5. 

volatile,  or  carbonate  of 

ammonia,  ibid. 

Salts,  how  formed,  120. 

Scheele’s  green,  a preparation 
of  arsenic,  48. 

Silex,  its  properties,  57. 

Silver,  properties  of,  29. 

nitrate  of.  a test  for  mu-* 

riatic  acid,  79. 

a permanent 

ink,  30. 

Simple  bodies,  enumeration  of* 

2, 

Soda  one  of  the  fixed  alkalies, 
61. 

a metallic  oxyd,  66. 

Sodium,  a new  metal,  ibid. 

Solid  substances  from  fluids,  73* 

from  gases,  74. 

Soap,  how  made,  77. 

Strontian,  properties  of,  64. 

a metallic  oxyd,  67 » 


126. 
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Stahl,  his  theory  of  combus- 
tion,  128. 

Sulphur,  flowers  of,  12. 

used  in  bleaching,  ib. 

— * impressions  taken  with, 

ibid. 

used  in  medicine,  13. 

Sulphurets,  13. 

r of  iron,  curious  forma- 
tion of,  76. 

Sulphuric  acid,  how  made,  108. 

— • how  detected  in 

water  79- 

—  its  combinations,  109. 

Sulphurous  acid,  its  properties, 

110. 

Sulphate  of  alumine,  56. 

— of  soda,  109. 

of  lime,  ibid. 

of  magnesia,  ibid* 

of  iron,  ibid. 

—  of  zinc,  ibid. 

of  copper,  33. 

Sulphuretted  hydrogen  gas,  22. 
Steel,  a carburet  of  iron,  38. 
Sympathetic  inks,  49,  80. 
Synthetic  proof,  what,  81. 


T 

Tallow,  hard  soap  made  with, 
77. 

Tests,  or  re-agepts,  for  acids, 
105. 

. for  alkalies,  62. 

for  lead  in  wine,  43. 

Temperature  of  bodies,  4. 

Tin,  properties  of,  39. 

plates,  what,  41. 

■ oxyd  of,  or  putty,  40. 

Tree,  lead,  how  made,  43. 
Turmeric  paper,  a test  for  al- 
kalies, 62.  . 


V 

Verditer,  green,  how  made,  33. 

Verdigris,  or  acetite  of  copper, 
ibid. 

Vermillion,  how  prepared,  ib. 

Vitriol,  green,  or  sulphate  of 
iron,  109. 

— white,  or  sulphate  of 

zinc,  ibid. 

— — blue,  or  sulphate  of 
copper,  33. 

Vinegar,  or  acetous  acid,  115. 

Vital  air,  or  oxygen  gas,  10. 

Volatile  alkalie,  or  hartshorn, 
61. 

Voltaic  battery,  how  formed, 46. 


W 

Water,  formation  of,  9 7* 

how  decomposed,  97,  98. 

■ naturally  solid,  6. 

— expands  in  freezing,  104. 

curious  experiment  on,  ib. 

singular  property  of,  103. 

mineral,  how  analyzed,  78. 

Wells,  the  air  of,  often  dan- 
gerous, 89. 

Wedgwood,  Mr.  his  colours, 
how  made,  38. 

Wine,  how  to  detect  lead  in,  43. 
Writings,  how  discharged,  no, 

114. 

revived,  114. 


Z 

Zinc,  its  properties,  45. 

■ combustion  of,  ibid. 

— — amalgam  of,  ibid. 

— — flowers  of,  ibid. 

sulphate  of,  or  white 

vitriol,  ibid. 

used  in  galvanic  batteries, 

46. 
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